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The International Ultraviolet Explorer (lUE) has been in geosynchronous orbit since January 
26, 1978. Its mission has been to perform ultraviolet (UV) spectroscopy with stars using a 45 cm 
UV telescope with an echelle spectrograph,*'^ lUE experiments have made many contributions to 
state-of-the-art UV astronomy. Therefore, it is desirable to extend operation of the spacecraft 
beyond its life design goal (3-5 years). This is made possible because the array continues to produce 
much more power than is required at most observatory positions.^ Preflight calculations** which 
predicted the lUE solar array output for up to three years of flight are now obsolete. The available 
lUE array power is calculated in this work for the initial life requirement of three years. The calcu- 
lation is normalized to flight data at three years. Then the normalized power calculation is per- 
formed for life goals up to ten years of flight. 

ARRAY DESIGN 

The lUE solar array lias two paddles, as illustrated in Figure 1 . Each paddle has three panels 
(one central panel, 70.5 cm X 54.8 cm, and two lateral panels, 70.5 cm X 67.8 cm). The lateral 
panels are attached to opposite sides of the central panel with each lateral panel plane making a 45® . 
angle with the central panel plane. The plane of each array panel is perpendicular to the XZ plane 
of the spacecraft. Thus, as the orientation of the spacecraft is controlled such that the sun is always 
in the XZ plane, the position of the sun with respect to all six array panels is defined by only one 
coordinate (angle /3). Values ot'0 are confined to the range 0° to 135° because the telescope, 
coaxial to the +X axis of the spacecraft, can not be pointed to within 45° of the sunline. 

Each array panel has honeycomb-type construction, There are 4980 2 cm X 2 cm, n/p silicon 
solar cells bonded to the array structure with silicon adhesive. The cells are .02 cm thick with a 1 
J2-cm resistivity, Cerium doped covers, .01 cm thick, provided protection to the cells against 
immediate catastrophic radiation damage. The cells are wired with welded stress-relief, silver-on- 
molybdenum interconnects such that each central panel has 69 series cells per string by 20 parallel 
strings; f)nd each lateral panel has 75 series cells per string by 24 parallel strings. The operating 
voltage of the average cell on each central and lateral panel is 423 mV and 389 mV, respectively. 

This leads to 28 volts across each parallel string at the spacecraft bus line after substracting interface 
loss?'. The power supplied by each central and lateral panel is 28 volts • 20l(-- and 28 volts • 241 l ; 
where, and are the currents generated by the average cell on the central and lateral panels, 
respectively. Hence, to determine the available power output for the lUE solar array, the average 
current-voltage (1-V) characteristics of typical lUE solar cells are evaluated in the following sections 
as a function of several prevailing variables (namely, illumination, temperature and radiation 
damage). 

SOLAR illumination AND ARRAY temperature 

The position of the sun with respect to the array is described by the angle /3. The sunline 
normal to the surface of the central panels occurs at /3=67.5°. Thus, the view factor for the central 
panel is cos (i3-67.5°). Consequently, the view factors for the lower lateral panels and the upper 
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liilenil panels are cos (|3-H2.5“) and cos (/3-22,5®), respectively, as a ± 45° rotation is required to 
displace a lateral panel to the plane oT the central panels. The cosine law docs not describe the 
complete dependence of the solar illuinination, because of the variation of the earth’s distance from 
the sun between summer and winter solstices. The best and worst case correction factors are 1.035 
(winter) and .965 (summer). A re-e.\amlnation of Figure 1 reveals an additional correction to the 
cosine view factor, No array panel has its normal pa.ssing through the spacecraft center of coordi- 
nates from which the angle d is mea.sured. However, this error is negligible because of the com^ 
parably large distance to the sun. 

At normal incidence to a given lUE array panel, the .solar illumination is I solar constant 
which has been showiP to be approdmately 135.3 mW/nP. That solar energy which is not.con- 
verted to electrical energy is dissipated as heat, As the sun is the primary .source of heat and the cell 
illumination depends on d, so does the array temperature depend on d* Prenight calculations® 
were performed to determine how the lUE array temperature varies with d. The predicted tempera- 
ture profiles at the three year life requirement are displayed in Figure 2. This thermal study was 
based on a combination of two models. A radiative model considered reflections and emissions 
from all viewing surfaces (panels, paddle support arms and satellite body) In addition to direct solar 
illumination. A conductive model considered heat transfer across the honeycomb panels, the silicon 
cells and the cell interconnects. The calculations also predicted a minimum array temperature of 
-155°C to -165°C during lUE eclipses, 57 min to 71 min, respectively. 

Two platinum resistors were mounted on each lUE array panel to monitor solar cell tempera- 
ture. The array with its platinum thermometers were subjected to prefiight thermal cycling be- 
tween -1 50°C and +60°C. The perfomiance of the resistors was unreliable with two failing only 
during cold phases and three nilllng during hot and cold phases before the completion of forty 
cycles. As the array temperature sensors are not flight e.ssential, no defective platinum thermometer 
was replaced. Six of the twelve sensors were connected to lUE telemetry. As previously reported,® 
two of the six platinum resistors failed during the first year of flight, As of three years flight time, 
the remaining four temperature sensors (one lower panel, one upper panel and both central panels) 
operated reliably except for a few erroneous readings during cold phases. A temperature reading 
from each sensor as well as a angle reading is acquired each hour, These data acquired at 3 years 
±30 days are .shown in Figures 3, 4 and 5 for the central, lower and upper array panels, respectively. 
In each case a least-squares routine'” was applied to the data (pane! temperature versus /3 angle) to 
determine the best second order fit. As shown in a preflight study," the uncertainty in the tem- 
perature measurement is ±3.7°C. Thus, the best case temperatures and worst case temperatures are 
obtained by shifting the above curves by +3.7°C and -3.7°C, respectively. 

IRRADIATION DOSAGE 


A study has been performed to determine the lUE radiation environment.'^ The lUE orbit 
(period, 24 hrs; perigee, 25235 Km; apogee, 46350 Km; and inclination, 29°) was integrated over 
the then most current space radiation models to e.stimate the charge particle f I uences for a mission 
duration of three years. In the case of trapped electrons, fluences were calculated using the AEI7- 
Hl model*’' for outer 'sone electrons: lUE never enters the inner zone, This model is ,in upper limit 
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Figure 2. Average Panel Temperature Versus Sun Position.® 
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Figure 4. Lower Panel Temperature ver,sus Beta Angle, 
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Figure 5. Upper Panel Temperature versus Beta Angle, 
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(worst case) estimate. The results are given in Table I, These data are reduced by one half to 
obtain a lower limit (best case) estimate, Flucnces for trapped protons were calculated using the 
solar maximum version of the AF*8 model. *'* The results are given in Table 2 for numbers of anom- 
alously large solar events predicted with a confidence level above 80 percent. The best and worst 
cases correspond to two and five events, respectively. 

Much is known about the degradation of solar cells due to irradiation with monoenergetic 
unidirectional charged particles. However, the space radiation environment of lUE, as well as other 
spacecrafts, consists of a spectrum of omnidirectional charged particles, Hence, multienergetic 
omnidirectional space radiation fluences were converted to an equivalent 1 Mev normal incidence 
electron fluence using the procedure, as interpreted from the literature,*® given below. 


Step 1 Calculate the I Mev electron fluence 4/ ^ at normal incidence upon a cell of shield 

thickness t that produces radiation damage equivalent to that produced by the multienergetic 
space electron fluence <j!»e(E=0) • • • ^e(E=«>). 

For all 1-V parameters 

oo 

'I' Sm... = 2Il^e(>E-‘IE/2)-(>.OE+dE/2)! • D,(E,t) 

Eeo 

where Dg(o,t) • • • Dg('»,t) are damage coefficients interpolated from Table 3, 


Table 1 

Electrons Incident Upon lUE*^ 


ENERGY 
(> Mev) 

AVERAGE INTEGRAL FLUX 
(ELECTRONS/cm2 • DAY)* 

.5 

2.076E 1 1 

1.0 

2.I85E10 

1.5 

2.109B 10 

2.0 

7.303E 09 

2.5 

3.147E09 

3.0 

1.376E09 

3.5 

8.472E08 

4.0 

5.217E08 

4.5 

2,217E08 

5.0 

1.215E 08 

5.5 

3.825E07 

6.0 

I.204E07 

6.5 

1.488E06 

7.0 

1 .OOOE 00 


■•MULTIPLY TIMES 1096 DAYS 
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Table 2 Qil/liflV 

Protons Incident Upon IUE‘® 



TOTAL NO, OF PARTICLES/CM^ FOR A MISSION 



DURATION OF 

? 1=3 YEARS 



CONFIDENCE LEVEL Q(%)* 

ENERGY 

Mev) 

80-91 

92-96 

97-98 

99 


NO. OF ANOMALOUSLY LARGE EVENTS PREDICTED 



FORGIVENt&Q 



(2) 

(3) 

(4) 

(5) 

10.0 

3.360E 10 

5.040E 10 

6.720E 10 

8.400E 10 


2.304B 10 

3.456E 10 

4.608E 10 

5.760E 10 


1.580E 10 

2.370EI0 

3.160E 10 

3.950E 10 

40,0 

1.083E 10 

I.675E 10 

2.167E 10 

2.708E 10 

50.0 

7.428E 09 

1.1 14E 10 

1.486E 10 

1.857E 10 

60.0 

5.094E 09 

7.64 IE 09 

1.019E 10 

I.274E 10 

70.0 

3.492E09 

5,238E 09 

6.984E 09 

8.730E09 

80.0 

2.394E 09 

3,59 IE 09 

4.788E 09 

5.985E 09 

90,0 

1.642E 09 

2.463E 09 

3.284E 09 

4.105E 09 

100.0 

1.126E09 

1.689E 09 

2,252E 09 

2.814E09 


*Q DENOTES THE DEGREE OF CONFIDENCE ONE WISHES TO ASSIGN TO THE RESULTS, 
NAMELY THAT FOR THE SPECIFIED MISSION DURATION THE CALCULATED FLUENCES 
ARE THE SMALLEST VALUES WHICH WILL NOT BE EXCEEDED BY ACTUALLY EN- 
COUNTERED INTENSITIES. 

Step 2 Calculate the 10 Mev proton fluence \l/ normal incidence upon a cell of shield 

thickness t that produces radiation damage equivalent to that produced by the multienegetic 
space proton nuence0p(E=O) • • • >^p(E=«>), 

For I-V parameter 

-Df (E,0 

E=0' 

where Dp^(o,t) ^ * • Pp*^®®,t) are damage coefficients interpolated from Table 4, 

For I-V parameters Vqc & Pm AX 

- L [*pOE-clE/2)-+p(>E+dE/2)l • D“E,t) 

e=0 

where Dp ^(o,t) ••• Dp ^(oo,t) are damage coefficients from Table 5. 
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Table 3 

Electron Damage Coefficients*® 


IM lU.V 

Sllll LI) TM|t%Sll.SSK5M (*M») } 


-0 

5 501 

I.OHI -2 

3.351-2 

6 7U-2 

1.121-1 

1. 681-1 

3;«[.' ( 

150 

2.6401-04 

3,6871-05 

0. 

0. 

0. 

0. 

0. 

0. 

160 

5,000! “04 

7,')511-05 

0. 

0. 

0. 

0. 

0. 

0. 

.170 

8 0511-04 

1.6201-04 

0. 

0. 

0, 

0. 

0. 

0, 

.180 

I. .5501-03 

3,1681-04 

2.2271 -05 

0. 

0. 

0, 

0. 

0. 

100 

2,4061-03 

.5 0381-04 

5 2281-05 

0. 

0. 

0, 

0. 

0. 

.200 

3.6501 -03 

1 0451 -03 

1.143M4 

0. 

0. 

0, 

0. 

0, 

.220 

6.7.501-03 

2.5.331-03 

4,3751-04 

1. .5511 -05 

0, 

0. 

0 

0. 

.240 

1.0.351-02 

4.024l;-03 

1,2631-03 

8,6671-05 

0. 

0. 

0. 

0. 

.260 

1 .4501 '02 

7.0811.-03 

2.S141--03 

3.6001-04 

0. 

0. 

0. 

0. 

.280 

2.0101>02 

1.174I--02 

5.0521-03 

1.075F-03 

0. 

0, 

0. 

0, 

.300 

2,7251 -02 

1 .6681-02 

7.04 11-03 

2.4001-03 

2.82SF-05 

0. 

0. 

0. 

,320 

3.3851-02 

2.2401-02 

1.1.561-02 

4 2201 "03 

1.4811-04 

0. 

0. 

0, 

.300 

5.0041-02 

3 .581l;*02 

2.142r-02 

0.8581-03 

1.314F-Q3 

0. 

0. 

0. 

.400 

7.000l'>02 

5.255r-02 

3.4231-02 

1.8551-02 

4.31IF-03 

9.075 li-OS 

0. 

0. 

.450 

4,5061*02 

7,5621-02 

5,3441-02 

3.2581-02 

1.1061-02 

1.2951-03 

0. 

0. 

.500 

1.2.501-01 

1.0231-01 

7.5951-02 

5.0591-02 

2.1461-02 

4.824F-03 

7.7591-05 

0. 

.000 

2.00OI--01 

1 70.31--01 

1.343F-0! 

0.816F-02 

5.3471-02 

2.I58F-02 

4.3151-03 

0. 

.700 

2.7001-01 

2.400r-01 

2.0041-01 

1.5741-01 

9.769F-02 

4.9261-02 

1 .802F-02 

0, 

.800 

3.5001-01 

3.I66I-01 

2.718H-01 

2.2251-01 

1.527F-01 

0.074F-02 

4.262F-02 

3.O97E-04 

.000 

4.225F-01 

3.8081-0! 

3.4381--01 

2.0I0I>01 

2.121E-0! 

1.3851-0! 

7.726F-02 

4.452E-03 

1.000 

5.000L-01 

4.657l-:-0l 

4,1691-:-01 

3.607F-0I 

2.759F-01 

1.934F-01 

1.199E-01 

1.566I--02 

1.200 

6.7001-01 

0.3O3H-OI 

5.7331-01 

5,0721-01 

4.Q68F-Q! 

3.081 f:-oi 

2.172F-0! 

5.937E-02 

1 400 

S.6001-0! 

8.1601-01 

7.51.51-01 

6.759I-+01 

5.503E-01 

4.419F-01 

3,3121-01 

1.281E-01 

1.000 

1.0601+00 

1.0121-+00 

9,405 l-Oi 

8,5641-01 

7.2561-01 

5.9161-01 

4. 6 141- -01 

2.120F-0I 

1.800 

I.260I-+QQ 

1.2101+00 

1.136|:+00 

1.045 F+00 

9.022F-01 

7.521F.-0! 

6,040F-01 

3.099U-0! 

2.000 

1,4701+00 

1.4181+00 

l,330l-:+00 

1.242L+00 

I.088F+00 

9,245F>01 

7.611F-01 

4.236E-01 

2.2.50 

I.7241--+00 

1.67O1-+00 

1.5921-+00 

1. 4891+00 

1 323F+00 

1.1 45 F+00 

9.6391-01 

5.793E-01 

2.500 

2.0001-+00 

1.O431-+00 

I.854K+00 

1.744F+00 

I.566F;+00 

1.374F+0Q 

1.178F+00 

7.499E-01 

2.750 

2,252li+0Q 

2,107l:+00 

2.108I-+00 

1.097I-+00 

I.8I3E+00 

1.611 F+00 

1.399F+O0 

9.3I4E-0I 

3.000 

2.5101+00 

2.4541'+00 

2.362I-+00 

2.248 1-+00 

2.057F+00 

1.847F+00 

1.627F+00 

I.125E+00 

3.2.50 

2.754 1-+0Q 

2.60S1-+00 

2.6061-+00 

2.490F+00 

2.295F:+00 

2.078F+00 

I.849I-+00 

1 .320E+00 

3.500 

3.000F+00 

2.0431-+00 

2.850l;+00 

2.731 F+00 

2.S31U+0O 

2.309F.+00 

2.072F+00 

1,520E+00 

3.750 

3.24<)l +00 

3.IOI1-+0Q 

3.0061-+00 

2.974F+00 

2.770F+00 

2.541 F+00 

2.:96li+00 

1.723E+00 

4.000 

3,500li+00 

3.442i'+00 

3.3441-+00 

3.220F+00 

3.011 F+00 

2.775F.+00 

2.523E+00 

1 .928E+00 

4.500 

S.OSOl'+OO 

3,804 F+00 

3.798F+00 

3, 675 F+00 

3.464H+00 

3.223F+00 

2.962F+00 

2.332E+00 

5.000 

4.4001-+00 

4.3441+00 

4.247i:+00 

4,12ti;+00 

3.90SF+q0 

3 659F+Q0 

3.390F+00 

2.738E+00 

5,500 

4.850H+00 

4.7031;+00 

4.695I-+00 

4.560F+00 

4.34OF+00 

4.093I-+00 

3.817F+00 

3.141 E+00 

Ci.OOO 

5.3001'+00 

5.243l'+00 

5.143F+00 

5.0 12 F+00 

4.787F+00 

4.528F+00 

4.244F>M)0 

3.545E+00 

7.000 

6.isor+oo 

6.003 1-+00 

5.<)92l-;+0Q 

5.8.59F+00 

5.627F+00 

5.358F+00 

5.062F+00 

4.326E+00 

8.000 

6.000F+00 

6.8486+00 

6,753 U+OO 

0.626 F+00 

6.401 F+00 

6.138E+00 

5.844E+00 

5.097E+00 

O.QOQ 

7.6071-+00 

7.555F+0O 

7.462l'+00 

7.335 F+00 

7.112F+00 

6,848F;+00 

6.553F+O0 

5.801 E+00 

lO.OOO 

8.300t;+00 

8,24OI'+0O 

8.156F,-K)0 

8.020F+00 

7.804F+00 

7.539F+00 

7,24IK+00 

6.479E+00 

15.000 

i,060i:+oi 

I.056K+01 

1.049E+01 

1.039F+01 

1.020F+01 

9.98IE+00 

9.725K+00 

9.047E+00 

20.000 

I.230F+01 

1.227i;+01 

1.2211’+01 

1.213F+0I 

1.197F+01 

1.177F+OI 

1.15SE+01 

1.095E+01 

25.000 

I.360I-+01 

l,357l'+0l 

1.352F+01 

1.344F+01 

1.329F+01 

1.311F+0I 

I.290F+01 

1.233E+OI 

30.000 

1.4701+01 

l.467|.;+01 

I.462F+01 

1.455F+01 

1.442F+0I 

I.425F+OI 

1.405E+0I 

1.352E+01 

40,000 

1.650F+01 

1.648I-+0I 

1.643I-+01 

1.637U+01 

I.625F+0! 

l.GlOF+01 

1.S93E+0I 

I.544E+01 
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Table 4 

Proton Damage Coefficsents for 
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I NI H(.Y 

.SIIIILI) TIIICKNhSS ((1M/CM> ) | 

iMcv) 

0 

5,571-3 

1.681-2 

3.351-2 

6.7li;-2 

I.I2N1 

1.68l;-l 

3.351>I 

.100 

2435I-04 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

JOO 

3,0471 »03 

0- 

0. 

0. 

0. 

0. 

0. 

0. 

.300 

1.374I>02 

0 

0, 

0. 

0. 

0. 

0. 

0. 

.^00 

3.9871-02 

0. 

0. 

0. 

Q. 

0. 

0. 

0. 

,600 

1.5021-01 

0. 

0. 

0. 

0. 

0, 

0. 

0, 

.KOO 

3.243r-0l 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1,000 

5.216l:“0l 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

1.200 

7. lost. -01 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

1 .300 

7.8901 "01 

2.3221-05 

0. 

0. 

0. 

0. 

0. 

0. 

1.400 

8..549I -01 

3.7501-03 

0. 

0. 

0. 

0. 

0. 

0, 

1 ,6i.'a 

9.533r-01 

8.1241-02 

0. 

0, 

0. 

0. 

0. 

0, 

i.aoo 

1.0 ION 00 

2.525l>OI 

0. 

0. 

0. 

0. 

0. 

0. 

2.000 

I.039N00 

4.SS8N0I 

0, 

0. 

0. 

0. 

0, 

0. 

2.200 

1 .0481+00 

6 2331-01 

0. 

0. 

0. 

0. 

0. 

0. 

2.400 

I.041N0Q 

7.4261-01 

0. 

0. 

0. 

0, 

0. 

0, 

2,600 

1.0231+00 

8.2071-01 

1 8601-05 

0. 

0. 

0. 

0. 

0. 

2.800 

9.962I>01 

8.680I-0I 

3.925I-.-02 

0. 

0. 

0. 

0. 

0. 

3.000 

9.6391 «OI 

8.9121 “01 

I.794N01 

Q. 

0. 

0. 

0. 

0. 

3.200 

9.2861-01 

8.9621-01 

3.465NOI 

0. 

0. 

0. 

0. 

0. 

3.400 

8.0371-01 

8.8711-01 

4.8071-01 

0. 

0. 

0. 

0. 

0, 

3.600 

8,5081 "01 

8.0971-01 

S.787N01 

0, 

0. 

0. 

0. 

0. 

3.800 

8.273I-0I 

8.4811-01 

6,4591-01 

0. 

0. 

0. 

0. 

0. 

4.000 

7.963 i;-OI 

8.243l>01 

6.879N01 

I.2S8N03 

0. 

0. 

0. 

0. 

4.200 

7.7231-01 

7.9S91->01 

7.1 05 NO 1 

7.227l>02 

0. 

0. 

0. 

0. 

4,400 

7.4861-01 

7.7341 -01 

7.189N01 

2.077H-01 

0, 

0. 

0. 

0. 

4.600 

7,2541-01 

7.4991-01 

7.184NQI 

3. 274 NO 1 

0. 

0. 

0, 

0. 

4.800 

7.0291-01 

7.2801-01 

7.1 201-01 

4.191 NO 1 

0. 

0. 

0. 

0. 

.‘!.2O0 

6 605I>01 

6.8661-01 

6.890N0I 

5.286l‘-01 

0, 

0. 

0. 

0. 

.^.600 

6.2161-01 

6.479l>01 

6.613N01 

5, 7 23 NO 1 

0. 

0. 

0, 

0. 

6.000 

5.8671-01 

6.1 191-01 

6.319I--01 

5.839R-01 

2.142K-03 

0. 

0. 

0. 

6.400 

5.585i:-OI 

5.7921-01 

0.0I9N01 

5.793 NO 1 

1.742IN0I 

0, 

0. 

0. 

6.800 

5.3301 -01 

5.5 201-01 

5.731 NO 1 

5. 664 NO 1 

3.196l-:-Ol 

0. 

0. 

0, 

7.200 

5.I28N0I 

5.285N01 

5,4771-01 

5.49 INOl 

3. 945 NO 1 

0, 

0. 

0. 

‘>.600 

4.947i:"01 

5.086I--01 

5.255N01 

5.299I.-01 

4,3171-01 

0. 

0. 

0. 

S 0(VJ 

4.7861-01 

4.9091-01 

5.05SN0I 

5.II8N0I 

4.4S4N0I 

0. 

0, 

0. 

o.ooo 

4.4761-01 

4.565N01 

4.669N01 

4.7 24 NO 1 

4.478N0I 

2.735N0I 

0. 

0, 

10.000 

4.337i:-0l 

4.369N0I 

4.401 NO 1 

4.425 NO 1 

4. 29 2 NO 1 

3.537N01 

0. 

0. 

1 1 ,000 

4.232I-0I 

4. 245 NO 1 

4.258i>01 

4. 226 1-, -01 

4.101N01 

3,675N01 

2.06 INOl 

0. 

1 2.000 

4.196li-0l 

4.1871>0l 

4.155N01 

4.I10N01 

3.9561S-01 

3.649N0I 

2.839N0I 

0, 

13.000 

4.1851-01 

4.1676-01 

4,1201>01 

4.040l>0! 

3.872N01 

3.588N0I 

3.062NOI 

0, 

14.000 

4.1811-01 

4.1 59 NO 1 

4.1 05 NO! 

4.02ON0I 

3.8281--01 

3. 553 NO 1 

3.13 INOl 

0. 

15.000 

4.1941-01 

4.1 73 NO 1 

4.1041-01 

4,0101-01 

3.8I4N01 

3.538NQI 

3.159N01 

0. 

16.000 

4.214t^“01 

4.I82I-'01 

4.120N0I 

4,025 NO 1 

3.8I9N01 

3.S47N0I 

3.187NOI 

I.439N0I 

18.000 

4.1 921 >01 

4.I79N01 

4. 133 NO 1 

4.054N01 

3.873N01 

3.606NOI 

3.269NOI 

2.I75N0I 

20.000 

4.I72NQ1 

4.1S9N01 

4.125N01 

4.055 NO 1 

3.900N01 

3.679N0I 

3.379I--0! 

2.44 INOl 

22 000 

4.1441-01 

4.1 17NQ1 

4.093 l-.-Ol 

4. 047 NO 1 

3.9 15 NO 1 

3.731 NO 1 

3. 47 3 NO 1 

2.64sr.-ot 

24.000 

4.0941-0 1 

4.0831-01 

4.O59I-0I 

4.0I0N01 

3.919NOI 

3.757NOI 

3.457N0I 

2.834NOI 

26.000 

4.049H-01 

4.0391>01 

4.018N01 

3.985R-0I 

3.898N01 

3.769I--0I 

3.5911-01 

2.984NOI 

28.000 

4.000H-01 

3.994NOI 

3.978l>01 

3. 939 NO) 

3.875N0I 

3.764N0I 

3.6I3N0I 

3.101 NOI 

30.000 

3.935 NO 1 

3.93ON01 

3.918N01 

3.S96N0I 

3.8 3 4 NO) 

3.753i;-0t 

3.625NOI 

3.I86NOI 

34.000 

3.7841-01 

3.782N01 

3.777li-01 

3.767 NO I 

3.739NOI 

3.677N0I 

3.600N01 

3.29IH-01 

38.000 

3.6641-01 

3.6621-01 

3.657N01 

3.650N0I 

3.61 71-01 

3.S82U-01 

3.529NOI 

3.31 2NOI 

42.000 

3.5321-01 

3.532l'-01 

3.532li-0l 

3.530N0I 

3.5I9N0I 

3.484N0I 

3.446l;-0l 

3.292N01 

46.000 

3.399/(>01 

3.3991-01 

3.400NQI 

3,400li-0l 

3.396N0I 

3.372N0I 

3,3491-01 

3.245N0I 

50.000 

3.2721-01 

3.272N01 

3.2721>01 

3.273NOI 

3,27 INOl 

3.264N0I 

3.250H-0I 

3.I77N01 

55.000 

3.1251-01 

3.126N01 

3.128N01 

3.L30N0I 

3.133K-0I 

3.I32NOI 

3.I26N0I 

3.082NOI 

60,000 

2.98SI-01 

2.989N01 

2.990U-01 

2.992U-0I 

2.995N0I 

2.997NOI 

2.993N0I 

2.969NOI 

65.000 

2,844i>01 

2.846N01 

2. 85011-0 1 

2.85SN0I 

2.863N0I 

2,87 INOl 

2.875N01 

2.869NOI 

70,000 

2,7101>01 

2.7I2N01 

2,7 15 NO 1 

2.720N01 

2.728N0I 

2.736K-OI 

2.743N01 

2.748N0I 

80.000 

2.4 74 NO 1 

2,476t>01 

3.480N01 

3.485l>0) 

2.494N0I 

2.504N01 

2.5I4N0I 

2.53 1 NO! 

90.000 

2.24SN0I 

2. 247 NO 1 

2.251 NO 1 

2.256NOI 

2.266NOI 

2.277 NO 1 

2.289N0I 

2.3 1 5 NOI 

100,000 

1.997 NO 1 

1.999N01 

2.004l:-01 

2.010N0I 

2.022E-0I 

2.037N01 

2.052N01 

2.089N0I 

1 30,000 

1.492N0I 

1,493 NO 1 

1.496N01 

1.500NOI 

I.S09N0I 

1.5 1 9 NO 1 

1.530N0I 

I.560N01 

160,000 

I.I83N01 

1.1 83 N0 1 

l,lS5R-0r 

I,I88N0I 

1.I92N0I 

IJ99N01 

1.206NOI 

I.226N01 

200.000 

9.2I5I>02 

9.2201>02 

9.229E-02 

9.242N02 

9.268N02 

9.302N02 

9.344N02 

9.462N02 
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OF QUAl!T¥ 

Cuk'uhuc tho 1 Mev t'lodron nm\w su wmm\ inckkiwi' \wm u c^ll uf shk'Kl tivkk- 
M'ss t ituU pnHhiccs imliuiion vlumukc cv|\iiv(kMU to tlwl pi\Hk>v\Hl by Ibii' sp«?cli‘vuk ol'rtll spacv? 
cluugtnl paHioles 

I'or kV piuumtkv'r 

[■or l-V paiiumHcrs V\)^. [\jax 

VHt) Vm^vs* iKUn i' *roOOO‘vHO \rtMv‘vi* 

rho iliuuago oodTiok'uis given In ‘rabies 4 and 5 nve lor eelKs with infinite buck shielding, 
in the ease of the [lib' sohir arruy, ns well ns wil\er spneeernft arrays, exposure to radkvtion tivnn the 
rear must also be considered, 'riils lends to nn elYeetive damage coelTieieivt that is the sum of tl\e 
damage eoelTieients tor the from ami rear shield thicknesses. The cell shielding for the llU' array 
is illustrated it\ b‘ig\ira tu The front and rear shield thicknesses for which damage coefficients were 
interpolated are .O^d g/cm^ and .111 gTm^ lespectively. The resulting damage coefficients are 
given in rabies o, 1 and H. 

A computer program tAppeudix A) bas been written to calculate the net equivalent 1 Mev ^ 
electron fluence following the pixwedure outlined above. The resulting dosages to which the ll’d' 
solar array was exposed after tluee years are l.di[*'tl4 1 Mev e|cm^ for Igt' (best casek i,41l‘a‘l4 
I Mevemnv^ t'^aust case). U41l'rl4 1 Meve.cm* for (best case) and 

14 1 Mev eiem^ lor \\y^^ & a\ '^'tse). 

m I TV CltAkACTI'RlSTH'S 


Preflight experiments''' were performerl with typical lUF .solar cells to determiite the lA 
parameters of the average cell. Tire l*V curves of 500 cells were mensmed at several cell tempera* 
tines. In each ease, the lllurutnaiioi\ was fixed at 1 solar constant as simulated by a standard lahora* 
tory souree. These cells had not been subjected to any radiation damage. The average eurve for 
several cell tempera turas is di.splayed In I'igure 1 . The l»V parameters at ^5®Care !g(' * 140 m A, 
V\h' ntV, Pm AX “ 'u*' ^"MP *"'00 mV and Imp ® 150 mA. The.se are lakeu as the 
best case values, t'lie worst case 1«V parameters at ara tgf * 151 mA. Vq(^ » mV. PmaM 
'3 ud.v'5 mW. N'mp 500 mV and Imp « 1 41 n\A. Vhe 5 mA loss in and Imp was estimated by 
eonsidering production lii\e variations avnoug the 500 cells. 

The degradation of an kV parameter Y dne to an irradiat ion dosage is generally appovxi* 
mated by an equation of the following form,'* 

Yl^) ® >To) - V ‘ Log 1 1 4 ) 

where l'' a" arbitrary critical fluence and C is the eorrasponding coefficient. As used in this work. 
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EFFECTIVE 

THICKNESS 

.022 g/cm^ 

.001 g/cm^ 

.044 g/cm^ 
,015 g/cm^ 


.112 g/cm^ 


Figure 6. Cell Shielding for lUE Solar Array. 
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1'ablc 6 

lilectroii Damage CoolTieieiils* for tlie Average lUE Solar CelL 


ENERGY 

(Mev) 

FRONT damage 
COEFFICIENTS 

REAR DAMAGE 
COEFFICIENTS 

NET DAMAGE 
COEFFICIENTS 

.75 

.219 

,0298 

,249 

1.25 

.592 

,243 

.835 

1.75 

1 .05 

.563 

1.61 

2.25 

1.55 

.957 

2.51 

2.75 

2,07 

1.39 

3.46 

3.25 

2.56 

1.84 

4.40 

3.75 

3.05 

2.29 

5.34 

4.25 

3.53 

2.73 

6.26 

4.75 

3.98 

3.16 

7.14 

5.25 

4.42 

3.59 

8.01 

5.75 

4.87 

4.02 

8.89 

6.25 

5.31 

4.44 

9.75 

6.75 

5.73 

4.84 

10.57 


Table 7 

Proton Damage CoetTicients for Ijj^, of tlie Average lUE Solar Cell, 


' 1 

ENERGY 

(Mev) 

FRONT DAMAGE 
COEFFICIENTS 

REAR DAMAGE 
COEFFICIENTS 

NET DAMAGE 
COEFFICIENTS 

15 

.407 

.310 

.717 

25 

.402 

.356 

,758 

35 

,374 

.358 

.732 

45 

.343 

.337 

.680 

55 

.313 

.313 

.626 

65 

.285 

.287 

.572 

75 

.260 

.263 

.523 

85 

.237 

.240 

.477 

95 

.213 

.217 

.430 
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Tiiblc 8 

Proton Dnimigc CoelTioionus for Vq^, :uul P^,^vx Average lUE Solar Cell 


ENERGY 

(Mev) 

FRONT DAMAGE 
COEFFICIENTS 

REAR DAMAGE 
COEFFICIENTS 

NET DAMAGE 
COEFFICIEMTS 

15 

.471 

.496 

,967 

25 

.417 

.395 

.812 

35 

.381 

.372 

.753 

45 

.347 

.344 

.691 

55 

.315 

.316 

.63 1 

65 

.287 

.290 

.577 

75 

.261 

.264 

.525 

85 

.237 

.241 

.478 

95 

.213 

,218 

.431 


the eritjcal riucnce is that equivalent 1 Mcv electron riuence at normal incidence upon the cell 
which degrades the l-V parameter to 90 'V' of its value before irradiation. Data have been previously 
assembled*^ as a function of cell thickness, that characterizes l-V degradation due to I Mcv electron 
irradiatioii of 2 f2-cm and 10 f2-cm, From these data, shown in Figures 8-! 5, the value of was 
found for each l-V parameter of tiie typical lUE cell (I S2-cjii resistivity and .02 cm thick) by inter- 
polation. At a reference temperature of 30°C, the results for the best case are: 

Isc(^)= 140.34 inA-46.62 inA • Log(l +0/7.75H+13 I Meve/emM 


Vqc(0) = 586.10 mV-194.70 mV • Log ( 
^ f’^-04 niW-2 1 .27 inW ■ Log ( 1 
Vm|)(«!>) --^490.32 mV^I62.88 mV • Log ( 

V ~ * M A X P 

The worst case degradation equations are: 


+ 0/7.5OE+14 I Meve/enr) 
+ 0/4.7OB+I3 1 Meve/cm^) 

1 +0/9.OOK+I4 I Meve/cm^) 


lsc(0)= 137.34 inA-45.62 inA • Log (I + 0/7.75E+13 1 Mev e/enr) 
Voc(<;ft)- 586,10 mV-l 94.70 mV • Log(l +0/7.5OE+I4 1 Meve/cm^) 


Pm AX(<^^ = 62.54 mW-20.78 niW • Log (1 + 0/4.7OH+1 3 


Vmi>( 0) = 490,32 mV-l 62,88 mV 
P ('/’) - Pm A X P 


Log (I + <jf)/9,00E+l4 


Mev e/enr) 
Mcv e/cm’ ) 


Substitution of the previously calculated lUE irradiation dosages into these degradation equations 
yields the l-V parameters for the average lUE solar cell after 3 years in flight, The respective best 
and worst ca.se results are 120,24 niA and 106 !2 luA forlsc^ 571.52 mV and 555.97 mV for 
Vqq, 5i ,22 mW and 43.97 m\V for Pmax 480.01 mV and 468.74 mV for Vmi>. These values, 
however, are valid only when the cell temperature is SO^C, 


The variation of each l-V parameter Y with cell temperature T is geiierally giveji by an ex- 
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Figure 1 1 . Normalized Voltage at Maximum Power vs 1 MeV Electron Fluence for 2 Ohm-cm n/p Conventional Silicon Cells.^* 
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-MeV ELECTRON FLUENCE, ELECTRONS/cm 




Fieure 15. Normalized Voltage at Maximum Power vs I MeV Electron Fluence for 10 Ohm-cm n/p Conventional Silicon Cells. 


pression of the following form. 
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Y(T)-Y(To) + b(To) (T-To)> 


where bCTp) is tlie tojnperatmc coefficient at an arbitrary reference temperature Tq. In this work, 
the reference tcmi)eratwre Is 30° C. The temperature coefficient for each I-V parameter is depend- 
ent on radiation damage. This dependence lias been cliaracterized in the literature*® for 2 n-cm 
and 10 i2-cm cells at 30°C. These data are shown in Figures 16-19. The value of the temperature 
coefficient for each I-V parameter of the typical (1 li2-cm) lUE cell was determined by interpola- 
tion. The best case results for the temperature dependence of the lUE cell parameters after 3 years 
are: 


Isc = 1 20.24 mA + .0954 mA/°C • (T - 30°C) 
Vqc = 57 1 .52 mV - 2.10 mV/°C • (T - 30°C) 
AX'-"*' ’ ^2 111 W/°C • (T - 30°C) 

V^p = 480.01 mV - 1 .86 mV/°C • (T - 30°C) 

'mP "=**MAX/^MP 


The resulting worst case I-V parameters are given by: 

Isc = 1 06. 1 2 niA + .11 3 m A/°C • (T - 30°C) 

Voc = 555.97 mV - 2, 1 9 mV/°C • (T - 30°) 

I'm AX “ ‘^5-97 mW - .149 mVV/°C • (T - 30°) 
Vmp>= 468.74 mV - 1.88 mV/°C • (T - 30°) 

Imp = i’max/Ymp 


These equations are valid only in the temperature region where the temperature coefficients do not 
vary substantially from their value at 30°C. This is the case with the temperature coefficients for 


Isf’ over the range (-1 50°C to 60°) to which the lUE solar array is subjected. However, the tem- 
perature coefficients forPjy.j^\X changes almost linearly at a rate of-1 .65X 10“* Pmax/°L^/°^* 


In the case of Vqq and V|yip, the temperature coefficients remain constant at temperatures above 
-20°C and change almost linearly at a rate of -.005 mV/°C/°C at temperatures below -20°C.*'^ 


Once the I --V parameters have been cletcrmined for a given cell temperature; illumination and 
radiation damage, the cell current 1 for a specified operating voltage V must be determined. There 
arc several analytical models*’ that are generally used to approximate the shape of the solar cell 
I-V curve. One such model that lias displayed excellent accuracy below illumination levels of two 
solar constants is given below. *® 

I = fsc(l+Ci {l-cxp[V/(C2 Voc>J)) 

where Cj = 1,1 - (ImpAsc)! I“Y^^]>/(C2 Voc)J 

**nd G2 = [(Vmp/Voc) - ']/'**[ I - C1mp/1sc)1 
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This model has been used in this work to approximate the shape of tlte FV . 

lUF solar cell, A computer program (Appemlix ii) has been used to calculate . 

the average lUl* solar cell imuler 1 solar constant ilhnninution) us a lunc ion o teU 
and ruination damage us well us plot the 1*V curve using the above inodel. A lanub of Iv u . 
tor the best and worst cases IIU* cell after three years in flight are shown m bigures .0 and .1 . 

ARRAY POWFR 00 TPU T 

The prevailing variables tnamely . temperature, radiation damage and illummationl upon which 
the average lUF solar cell 1-V parameters are dependent have been quantified tn 
turns. Thus, the lUF solar array power may now be determined in terms ol the 
cell operating current for a specified 15 angle. The procedure lor perlormmg the calailation i. 

lined below. 


Sun 

position 

Cell 

Teinperature 


1«V 

Parameters 
for I SC' 
Illumination 


operating 

voltage 

Cell 

operating 
current 
for 1 SC 
Illumination 


view 

angle 

tlhnnination 

Factor 


d cf to Ids'* 


r«d?.d + l.l op -.018515- *3.?“C 
X = ^ I a 2.1 dp = .0 1 5bp* u; d.iH' 

T=^»12o + d.5lp-.01o5P‘id.7"C 


I I ) ^tTdO®C'.i^,l ) + bj5^T0KT - dtf ) 

Voc t = VoetdOH'.ili.n + boct0)(.T - 30°) 

tf,0. 1 ) = V^, p(dO°C.0, 1 ) + bM ,.l0)Cf - dO°C) 

'm P 0 ''^' ' 5 " PjVi XC h'V p 1 1 v0, 1) 

Vop = d8UmV 

VQp-4:dmV 

Vqp == 38b mV 

Cl “ (fV^ipIVop) - I l/ln 1 1 - Ump/Isc^I 

c, ~ u “tlMPflsC^l * ’ ^T)C^l 

lQptT.t/5,1 ) ~ Isc • ( 5 1 ■ ^'OC^l } 

f) •= p 22.5° 
t}“p-67.5° 

Q « P - 1 1 2.5® 

S = cos 0 


lower panel 
central panel 
upper panel 


lower panel 
central panel 
upper panel 


lower panel 
central panel 
upper panel 
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Figure 20. I-V curves for the typical lUE cell: Best Case. 
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Figure 21. l-V curves for the typicallUE cell: Worst Case. 
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Short Circuit 
Current 


Isc(W) = S-Isc(T,^|i,I) 


Short circuit current tgc 
net loss factor 


(See Table 9) 


corrected short 
circuit current 


cell operating 
current 

lop(T,^,S) = Iop(T,^,l) - [Isc(T,^,l) -Isc(T.0,S)i 


operating current 
net loss factor 

t’op (See Table 10) 


corrected operating 
current 

iop(T,<^>S) “»■ t’op * Iop(T,^,S) 


panel 

Pj “ 28 volts • 24 • Iop(Tj,0,Si) 

lower panel 

power 

Pc = 28 volts • 20 • Iop(Tc,^,Sc) 

central panel 

output 

Pu = 28 volts ^ 24 • Iop(Tu,0,Su) 

upper panel 

Net Available 
Array Power 

P = 2 • Pj + 2 • Pc + 2 • Pu 



The calculations outlined above were performed to obtain the lUE solar array power after 
three years. The best and worst case power are plotted in Figure 22 as a function of beta angle 
along with flight data for the available array power after three years. The same is plotted in 
Figure 23 for the beginning of life power.^® In both examples the flight data are between the best 
and worst case curves, as expected. In order that these calculations may yield the exact array 
power, a nonnalization parameter K is defined such that: 

Array Power = K • (Best Case Power) + (1-K) • (Worst Case Power) 

where 0<K<1, 

Also observed in Figure 22, the array pov/er at the lower beta angles is closer to the worst 
case calculation; where at the higher beta angles the array power is closer to the best case calcula- 
tion. Thus, the normalization parameter K changes with the beta angle. This may be attributed to 
a difference in cell characteristics and engineering loss factors from the lower to upper panel and/or 
an angular dependence of the space radiation incident upon lUE. 
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Correction Factors for 


fsc 

Best Case 

Worst Case 

Solar Intensity & 
Orientation Error 

1 .035 

.964 

Ultraviolent & 



Micrometeor 

Degradation 

1.0 

.99 

Net 

1.035 

.954 


Table 10 

Correction Factors for Iqp 


fop 

Best Case 

Worst Case 

Diode and 
Harness Losses 

.958 

.958 

Cell 

Mismatching 

1.0 

.98 

Random 

Failure 

1.0 

.98 

Design 

Margin 

1,0 

.98 

Net 

.958 

.902 


The normalization parameters for flight data acquired after three years were statistically 
fitted to a second-order function in beta using a least-squares routine.*® The result is displayed in 
Figure 24. This normalization parameter may be applied to the best and worst case power calcula- 
tion for three years in flight. The normalized power is plotted in Figure 25 along with the corre- 
sponding flight data. The same is shown in Figure 26 for the beginning of life. As there is excellent 
agreement between the normalized calculation and flight data acquired at different times, the same 
calculations are performed to predict the lUE solar array power available in the future. 
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Figure 23- Flight Power Data, Best Case Power Calculation and Worst Case Power Calculation 

at Beginning of Life. 
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However, to use the normalized power calculation presented above to predict the array output, 
the irradiation dosage and solar cell characteristics must be known as a function of time. The 
increase in equivalent fluence with time is assumed to be constant at the previously calculated best 
and worst case values per three years. The best and worst case I-V parameters for the average lUE 
cell are determined for an arbitrary point in time as they were determined for three years. A 
computer program (Appendix C) was used to perform the \iormalized power calculation for each 
year from beginning of life to ten years. The results are plotted in Figure 27 and also given in 
digital form (Appendix D). 


CONCLUSION 

The minimum power which must be provided to lUE to maintain mission essential operations 
is 175 watts continuously during day light.^* The design requirement was 186 watts.* As the 
power generating capacity of the solar array degrades with time, the beta angle region where more 
than 175 watts can be supplied grows smaller. Therefore, the number of stars to which lUE can be 
pointed are fewer. This is the critical criterion by which the future utility of lUE will be judged. 
Tlie upper and lower cut off beta angles, outside which less than 175 watts will be supplied to lUE, 
arc plotted in Figure 28. This defines the restricted region for beta as a functioii of time. It is 
shown that the lUE solar array can continue to produce more power than is required at most 
observatory positions for at least five more years. 
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Appendix A KQUFLU 


RPM ****’t‘t**'t''t‘***’t‘t‘+****+*+*+’t“f IJQU PLU ***f+t'‘M>'i‘*t‘***i'‘i'**%*’t<t>*'***»**i'**>t'*t****** 
RPM mis PROGRAM CALCULATUS TUP PQUIVALPNT IMPS^ PLPCTRONS AT NORMAL INCIDENCE 

RPM UPON tup: surpacp op a silicon solar cell due to an omnidirectional 

RPM ELECTRON AND PROTON RADIATION ENVIRONMENT. 

DIM El ( 1 00), R 1 ( 1 00),E2( 1 00),R2( 1 00).T( 1 00,1 1 ).D1 (200).D2t2Q0).D3(200) 

GOSUB Elecrad 
GOSUB Prolrad 
GOSUB Shield 
GOSUB Edo 
GOSUB Lscpde 
GOSUB Vocpdc 
GOSUB Pliiciil 
STOP 

Elecrtid; ! ********************’*'**** ♦**'*‘*** *■♦♦♦*+*♦**'*' *♦♦**“••♦****** ♦’t'*******’*'******'*"*'* 
REM THIS SUBROUTINE COLLECTS THE ELECTRON SPACE RADIATION DATA PROM THE 
REM OPERATOR. 

PRIN I' (UN{2)."0MNH)IRECT10NAL ELECTION PLUENCE (ELECTRON S/CM *2)'* 

PRINP'' VERSUS" 

PRINT " ELECTRON ENERGY (>MEV)" 

PRINT (LIN( 1 ). "TOTAL NUMBER OP OBSERVATIONS 
INPUT N1 
PRINT Nl, LIN(l) 

PRINT "THE OBSERVATION CORRESPONDING TO THE LOWEST ELECTRON ENERGY MUST BE" 
PRINT "ENTERED FIRST. THEN ENTER THE REMAINING OBSERVATIONS IN ORDER OF" 

PRINT "INCREASING ELECTRON ENERGY.” 

FOR 1=1 TONI 

PRINT LlN(l), "OBSERVATION#",! 

PRINT "ELECTRON ENERGY (>MEV) 

INPUT E 1(1) 

PRINT El(l) 

PRINT "ELECTRON FLUENCE (ELECTRONS/CNr 2) 

INPUT Rl(l) 

PRINT R 1(1) 

NEXT I 

PRINT L1N( 1 )."CHECK THE ABOVE DATA AGAIN.” 

PRINT "IE CORRECTIONS ARE REQUIRED ENTER 0" 

PRINT "IF DATA IS C'ORRECT ENTER ANY OTHER NUMBER" 

INPUT X 
IFX=0THENS5 
PRINTER ISO 

PRINT L1N(1),"ELECTR0N”."FLUENCE","FLUENCE”."D1FFERBNTIAL" 

PRINT "ENERGY"."ELECTR0NS/CM‘2)","(ELECTR0NS/CM-2)", “FLUENCE” 

PRINT "(MEV)",”> E-(dE/2)".“> E+(dE/2)”."(ELECTR0NS/CM*2)" 

EORI=lTONI‘l 

El(l)=(EI(n+Pl(l+l))/2 

PRINTE1(I).RI(I).RI(1-H).R1(I)-RI(H-1) 

NE.XTI 
N1=NM 
PRINTER IS 16 
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275 

280 
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200 
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500 
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310 

315 

320 
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340 

345 

350 

355 

300 

305 

370 

375 

380 

385 

300 

305 

400 

405 

410 

415 

420 

425 

430 

435 

440 

445 

450 

460 

465 

470 

475 

480 

485 

490 

405 

500 

505 
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I’rotrul* ! >% ♦**♦♦***♦****♦♦***♦*''*’*"*' •i‘’*'**'i"*‘t"<‘*’'‘*’*‘*******************'*‘**'*‘******* ******** 
RIM THIS SUBROUTlNlt C’OLLIXTS Till- PROTON SPACE RADIATION DATA EROM THU 
Rl-M OPI'RA IOR. 

PRINT UN12)2'OMNIDIIU:CTIONAL PROTON l•UUl•NCE tPROTONS/CM*2)*’ 

print*' versus*' 

PRINT PROTON ENERGY (>MUV)" 

PRINT LIN( 1 l.’TOTAL NUMBER OE OBSERVATIONS 
INPUT N 2 
PRINT N2.LIN(1) 

PRINT "THE OBSERVATION CORRESPONDING TO THE LOWEST PROTON ENERGY MUST BE" 
PRIN r "ENTERED E'IRST. THEN ENTER THE REMAINING OBSERVATIONS IN ORDER OP" 

PRINT "INCREASING PROTON ENERGY." 

PORI=lTON2 

PRINT LIN(l)."OBSERVATION #".l 
PRINT "PROTON ENERGY (>MEV) 

INPUT E2(l) 

PRINT E2U) 

PRINT "PROTON EXUENCElPROTONS/CM*2)=". 


INPUT R2(l) 

PRINrR2(i) 

NEX'r 1 

PRINT LlNtl), "CHECK THE ABOVE DATA AGAIN.” 

PRIN T "IE CORRECTIONS ARE REQUIRED ENTER 0" 

PRIN r "IE DATA IS CORRECT EN TER ANY OTHER NUMBER" 
INPUT X 


lEX^O TIIEN 270 
PRINTER ISO 

PRINT l..lN(n.‘'PROTON".''ELUENCE’‘.*'PLUENCH’'.‘‘DIEEERENTlAL’’ 
PRIN T **1 :NERG'i"’,"IPROTONS;CM'* 2)*',"{PROTONS/CM*2",*‘ELUENCE” 
PRINT "(MEV)"."> E-UlE/2)”.“> E+(tiE/2)",“(PROTONS/CM*2)" 


FOR 1-1 TON 2-1 

E2(l)=(E2U)+E2(l+l))/2 

PRINT E2(n.R2(l).R2(l+[).R2(n-R2(U-l ) 


NEXT I 
N2=N2-I 
PRINTER IS 16 
RETURN 

Slue let’ ’ "(i %♦ + ')=*>)' 4 '•< + ******** ******* 44444**4*4 + *4 4 + 4444 4 + 4444 + 

REM THIS SUBROUTINE COLLECTS THE SOLAR CELL SHIELDING DATA E'ORM THE OPRATOR 
PRINT LINU ), "FRONT SHIELD THICKNESS (GM/CM*2) = ". 

IE TKO THEN 450 

PRINTT1,LIN(1).“REAR SHIELD THICKNESS (GM/CM*2)=", 

INPUTT2 
IFT2<0THEN465 
PRINT T2 
printer ISO 

PRINT LINd), "FRONT SHIELD THICKNESS (GM/CM*2) = ”.T1 
PRINT "REAR SHIELD THICKNESS (GM/CM*2) =".T2 
PRINTER IS 16 
RETURN 
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510 File; * !•<>!>*•****♦*** ***^‘>i‘*+**+***'('>t''>'*‘*‘f** 

515 RBM THIS SUBROUTINE DETERMINES THE ELECTRON DAMAGE COEFFICIENTS 

520 FOR I='0 TO 47 

525 FORJ=0TO8 

530 READT(U) 

535 NEXTJ 

540 NEXT I 

545 FOR L=^0 TO 1 

550 T(0,9)sT1+L'*'(T2-T1) 

555 J=8 

560 J=^JU 

565 I F T(O.9)<T(0J ) THEN 560 

570 FOR 1^1 TO 47 

575 T{1.9+L)=T{U+1HT(U+1)-T(U))*(T(O.J+1)-T(0.9))/(T(0,J-H>T(0,J)) 

580 IF T(I.9+L)>0 THEN 590 
585 T{l.9+L)=0 

590 NEXT I 

595 NEXT L 

600 PRINTER ISO 

605 PRINT LIN(1 )/'ELECTRON DAMAGE COEFFICIENTS FOR ISC. VOC AND PMAX” 

610 PRINT ”ELECTR0N’’,‘*DAM AGE”.“DAMAGE’*.“NET” 

615 PRINT "ENERGY”, “C0EFFICIENT”.“C0EFF|CIENT”.“DAMAGE” 

620 PRINT "(MEV)”,"(FR0NT)”.“(REAR)”, “COEFFICIENT” 

625 FOR 1=1 TONI 

630 IF RI(l)<T(l,0)THEN K=1 

635 F0RJ=1T0 46 

640 IF E1(T)>T(J,0)THEN K=J 

645 NEXTJ 

650 Dl(I)=T(K,9)+(T(K+t,9)-T(K.9))*(El(I)-T(K,0))/{T(K+l,0)-T(K,0)) 

655 D 1 (I+N 1 )=T(K, 1 0)+(T{K+ 1 ,1 0)-T(K, 1 0))*(E 1 (l)-T(K,0))/(T(K+ 1 ,0)-T(K,0)) 

660 PRINT E 1 (D.D 1 (I),D 1 (l+N 1 ),D1 (|)+D1 (1+Nl ) 

665 NEXT I 

670 PRINTER IS 16 
675 GOTO 920 

680 DATA 0,0,. 00559, .0168..0335,. 0671, .1 12,. 168„335 

685 DATA .15,2.69E-4,3,687E-5,0, 0,0, 0,0,0 

690 data ,1 6.5E-4 .7.95 IE-5,0.0,0, 0,0,0 

695 DATA. 1 7,8.95 lE-4,1.62E-4, 0,0,0 .0,0,0 

700 DATA, 18,1.55E-3,3.168E-4,2.227E-5, 0,0,0, 0,0 

705 DATA,19,2.406E-3.5.938E-4,5.228E-5,0.0,0,0,0 

710 DATA .2, 3.65E-3,1.045E-3, 1.1 43E-4, 0,0, 0,0,0 

715 DATA,22,6,75E-3,2.533E-3,4.375E-4,1.551E-5,0,0,0,0 

720 DATA.24,1.035E-2,4.924E-3,l,263E-3,8.667E-5,0,0,0,0 

725 DATA.26,1.45E-2,7.98IE-3,2.814E-3,3,609E-4,0,0,0,0 

730 DATA ,28, 2,01E-2.1.174E-2,5,0552E-3,1.073E-3,0, 0,0,0 

735 DATA .3,2.725E-2,1.668E-2,7.941E-3,2.4E-3,2.828E-5,0,0,0 

740 DATA.32,3.38SE-2,2.249E-2,l,156E-2,4.22E-3,I.481E-4,0,0,0 

745 DATA .36,5.004E-2,3,581E-2.2.142E-2,9.858E-3,!.314E-3, 0,0,0 

750 DATA .4,7E-2,5.255E-2,3.423E-2,l,855E-2,4.311E-3,9.075E-5,0,0 

755 DATA .4S.9,506E-2.7.562E-2,5.344E-2,3.258E-2,1.106E-2,1.295E-3,0,0 

760 DATA .5,1,25E-1,1.023E-I,7.595E-2,5.059E-2,2,146E-2,4.824E-3,7.759E-S,0 
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765 DATA.6,2E-1.1.7031i.U.343B-l,9.816E>2,5.347E*2.2»l58E-2//.315E-3,0 

770 data .7,2.7E-l,2.4E-l..2004..l574..09769„04962„01802,0 

775 DATA.8..35,.3)C6,.2718,.2225„1527..09074„04262..0003097 

780 DATA . 9, . 4225..3898, .3438..291,. 2121. ,1385„07726,. 004452 

785 DATA 1.0, .5, .4657, .4169, .3607 ,.2759., 1934, .1199, .01566 

790 DATA 1,2„67..6303,.5733„5072, .4068,. 3081, .2172,.05937 

795 DATA 1.4,.86„816..75|5..6759..5593,.4419„3312,.I281 

800 DATA 1,6.1.06.1.012..9405..8564..7256„5916.,4614,.212 

805 DATA 1,8. 1,26, 1,2 1,1.1 36. 1.045..9022,. 752 1..604..3099 

810 DATA 2, 0.1.47, 1.4 18, 1. 339,1.242, l,088„9245.,76ri.,4236 

815 DATA 2.25, 1.729.1. 676, 1.592, 1.489,1. 323, 1.145„9639,.5793 

820 DATA 2, 5.2.0. 1, 943. 1.854..1, 744, 1.566.1. 374,1. 178„7499 

825 DATA 2,75,2.252.2, 1 97,2. 1 08. 1 .997, 1 .8 1 3, 1 .611 , 1 .399,.93 14 

830 DATA 3,0.2,51.2,454,2,362,2.248.2.057.1,847,1.627,1,125 

835 DATA 3.25,2.754.2.698,2.606,2,49,2,295,2,078,1.849,1.32 

840 DATA 3.5.3.0,2.943.2.85,2.731,2.531,2.309,2,072,1.52 

845 DATA 3.75.3,249,3,191,3,096.2.974.2,77.2.541,2.296,1.723 

850 DATA 4.0,3.5.3.422,3.344.3.22,3.01 1,2.775,2.523,1.928 

855 DATA 4.5,3.95,3.894,3,798,3.675.3.464,3.223,2.962,2.332 

860 DATA 5.0.4,4.4.344,4.247,4.121.3.905,3.659.3.39.2.738 

865 DATA 5.5,4.85.4.793,4.695.4.566,4.346.4.093,3.817.3.141 

870 DATA 6.0.5,3.5.243,5. 143.5.01 2,4.787,4.528,4.244,3.545 

875 DATA 7.0.6.15.6.093.5.992.5,859.5.627.5,358,5.062.4.326 

880 DATA 8,0.6.9.6.848,6.753,6.626,6,401,6.138,-5.844,5.097 

885 DATA 9.0,7.607,7.555.7.462,7.335,7.1 12,6.848.6.553,5.801 

890 DATA 10.0,8.3.8.249,8,156.8,029.7,804.7.539.7.241,6,479 

895 DATA 15.0.10.6.10.56.10.49.10.39.10.2.9.981.9,725,9.047 

900 DATA 20.0.12.3.12.27.12.21.12.13.1 1,97,11.77.11.55,10,95 

905 DATA 25.0.13.6,13.57,13.52.13,44.13.29,13.1 1,12.9,12.33 

910 DATA 30.0.14,7,14.67.14,62,14.55.14,42,14.25,14.05,13.52 

915 DATA 40.0.16.5.16.48.16,43.16,37,16.25.16.1.15.93,15.44 

920 RETURN 

9 ”^5 Iscpclu' ! ***’(' Hi**** + ♦***♦*♦*♦♦•** 

930 REM THIS SUBROUTINE DETERMINES THE PROTON DAMAGE COEFFICIENTS FOR ISC 

935 FOR 1=0 TO 65 

940 FORJ=0TO8 

945 READT(1,J) 

950 NEXT J 

955 NEXT! 

960 FORL=0TOl 

965 T(0,9)=T1+L“^(T2-T1) 

970 J=8 

975 J=J-1 

980 1FT(0,9)<T(0,J)THEN975 

985 FOR 1=1 TO 65 

990 T(I,9+L)=T(1,J+1HT(1,J+1)-T(1.J))*(T(0,J+1)-T(0,9))/(T(0,J+1)-T(0,J)) 

995 IF T(1,9+L)>0 THEN 1005 

lOOO T(I,9+L)=0 

1005 NEXTl- 

1010 NEXTL 

1015 PRINTER ISO 
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1020 

1025 

1030 

1035 

1040 

1045 

1050 

1055 

1060 

1065 

1070 

1075 

1080 


PRINT LIN( I ), “PROTON DAMAGE COEFFICIBNTS FOR ISC ONLY” 
PRINT “PR0T0N’\“DAMAGE".“DAMAGE“.“NET’’ 

PRINT “ENERGY” “COEFFICIENT".“eOEFFIClENT", “DAMAGE” 
PRINT *‘{MEV)", “(FRONT)”, “(REAR)", “COEFFICIENT" 

FOR 1*1 TO N2 
IFE2(IXT(I,0) THEN K*1 
FOR J*l TO 64 


IF E2(|)>*T(J.O) THEN K*J 
NEXT J 

D2(l)=T(K.9)+(T(K+l,9)-T(K,9))nE2(l)-T(K,0))/(T(K+)„0)-T(K.0)) 
D2(1+N2)=T(K,1 0)+(T(K+l ,10)-T(K.IO))*(E2(I)-T(K.O))/(T(K+I ,0)-T(X,0)) 
PRINT E2{l).D2{l),D2(l+N2).D2(l)+D2(ltN2) 

NEXT I 


1085 PRINTER IS 16 
1090 GOTO 1425 

1095 DATA 0.0, .00559, .0168,0335,. 0671, J 12,168„335 
1 100 DATA .1 ,2.435E-4,0.0,0.0.0.0,0 
1 105 DATA .3.3.047E-3,0.0.0.0.0.0.0 
1110 DATA .3,1 .374E-2,0.0, 0.0, 0,0,0 
1115 DATA .4.3.987E-2.0,0.0.0.0.0.0 
1 1 20 DATA .6.1 .502E-I .O.O.O.O.O.O.O 
1 125 DATA .8.3.243E-1 ,0,0,0 ,0,0, 0.0 
1 130 DATA 1,5,3I6E-1,0.0.0.0,0,0.0 
1 135 DATA 1, 2.7. 108E-1, 0.0.0, 0,0, 0.0 
1 140 DATA 1.3.7.89E-1 ,2.322E*5, 0,0.0 .0,0,0 
1145 DATA 1.4,8,549E*1.3.75E-3.0.0.0.0,0.0 
1150 DATA l.6.9.532E-l,8,124E-2,0.0,0,0,0,0 
1155 DATA 1. 8. 1.01, .2525,0,0,0.0.0.0 
1 160 DATA 2,1. 03., 4558,0,0.0.0.0,0 
1 165 DATA 2.2, 1.048, .6233,0,0,0,0,0,0 
1 170 data 2.4, 1.041, ,7426,0.0.0,0,0.0 
1175 DATA 2,6, 1.023..8207,1.86E-5, 0,0, 0,0,0 
1 180 DATA 2.8„9962..868, .03925, 0,0,0, 0,0 
1 185 DATA 3..9639„89 1 2.. 1794.0.0,0,0,0 
1 190 DATA 3.2„9286,.8962,.3465, 0,0, 0,0,0 
1 195 DATA 3.4,.8937„8871„4807,0,0,0,0,0 
1 200 DATA 3,6..8598.,8697.,5787,0,0,0,0,0 
1205 DATA 3.8, .8273, .8481 ,,6459.0,0,0,0,0 
1210 DATA 4,.7963,.8243„6879,1.288E-3,0, 0,0,0 
12 1 5 DATA 4.2, ,7723 ,.7989„7 1 05 ,.07227,0,0,0,0 
1220 DATA 4,4,.7486,.7734.,7 189., 2077,0,0,0,0 
1225 DATA 4.6„7254,.7499,.7 184, .3274,0,0.0,0 
1230 DATA4.8„7029..728„712,.4191,0,0,0,0 
1235 DATA 5.2, .6605, .6866, .6890, .5286,0,0,0,0 
1240 DATA 5.6„6216,.6479„6613..5723,0, 0,0,0 
1245 DATA6..5867..6I 19,.63I9..5839.2.132E-3.0,0,0 

1250 DATA 6.4,.5585,.5792,.6019„5793, .1742.0.0.0 
1255 DATA 6,8.,5339.,552„5 73 1 „5664,.3 1 96.0.0.0 
1260 DATA 7.2., 51 28,.5285,.5477..5491., 3945.0.0,0 
1265 DATA 7.6,.4947,.5086,.5255„5299.,43 1 7,0,0, 0 
1 270 DATA 8„4786„4909..50S8..5 1 1 8„4484 .0,0,0 
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1 275 DATA 9..447()„4565..46()9..4724„4478..2735,0i0 
1280 DATA )0 m 4337, .4369, .4401, >4425, .4292».3537,0,0 
1285 DATA 11, .4232,. 42^5..4358..4226..41Q1..3675..206I.0 
1 290 DATA 1 2..41 96..4 lg7„4 1 55, .4 1 1 ,.3956, .3649, .2839,0 
1295 DATA 13,.4185„4167,.412..404,.3872„3588,. 3062,0 
1300 DATA 14,. 4181, .4159..4015„402..3828,.3553,. 3131.0 
1305 DATA 15..4I94..4173..4104..401..3814,.3538,.3159.0 
1310 DATA 1 6 .,42 1 4 ..4 1 82,.4 1 2,.4025,.38 1 9..3547,.3 1 87,. 1 439 
1 315 DATA 1 8..41 92..4 179„4 1 33, .4054,, 3873 „3606,.3269..2 1 75 
1320 DATA 20, .4172..4159,.4125,.4055..39, .3679, .3379, .2441 
1325 DATA 22, .4144, .41 17,.4O93,.4047„39l5..3731,.3473,.2648 
1330 DATA 24..4094,.4083„4059,.401„3919,.3757,.3S47..2834 
1335 DATA 26..4049..4039..4018..3985,.3898..3769..3591 ,.2984 
1340 DATA 28,.4,„3994,.3978..3939,.3875..3764„3613..3101 
1345 DATA 30..3935..393..3918 m3896..3834„3753..3625..3 186 
1350 DATA 34..3784..3782..3777, .3767,. 3739, .3677..36,. 3291 
1355 DATA38..3664,.3662,.3657„365,.36|7„3582,.3529„3312 
1360 DATA42..3532..3532..3532..353,.3519,.3484,.3446,.3292 
1365 DATA 46.,3399..3399„34,.34..3396,. 3372, .3349, .3245 
1370 DATA 50..3272..3272,. 3272., 3273,. 3271, .3264„325., 3 177 
1 375 DATA 55..3 1 25. .3 1 26..3 1 28..3 1 3. .3 1 33..3 1 33, .3 1 26, .3082 
1380 DATA 60, .2988.,2989..299.,2992,. 2995, .2997..2995..2969 
1385 data 65,.2844,.2846..285,.2855,.2863,.2871,.2875..2869 
1390 data 70,.27I,.2712..2715.,272,.2728..2736,.2743,.2748 
1395 DATA 80..2474..2476..248..2485..2494,.2504,.25 14,.2531 
1400 data 90..2245..2247..2251..2256..2266..2277,.2289„2315 
1 405 DATA 1 00.. 1 997.. 1 999,.2004,.20 1 ..2022,.2037„2052„2089 
1410 DATA 130,.1492..1493..1496,.IS00..1509,.1519,.153,.156 
1415 DATA 160,.! I83..1 183..1 185..1188..1 192..1 199..1206..1226 
1420 DATA 200..09215.,0932, .09229, .09242,, 09268,. 09302, .09344„09462 
1425 RETURN 

1 430 Vocpde; ! *** + *'*'*‘t‘'*‘t'^'**f**'t'*******+**‘i'***‘i'+ ♦ + ♦■♦♦*****************it..t>*,(.,f**t 

1435 REM THIS SUBROUTINE DETERMINES PROTON DAMAGE COEFFICIENTS FOR VOC & PMAX 
1440 FOR 1=0 TO 65 
1445 FORJ=0TO8 
1450 READT(U) 

1455 NEXTJ 
1460 NEXT I 
1465 FORL=0TOl 
1470 T{0,9)=T1+L»(T2-TI) 

1475 J=8 
1480 J=J-I 

1485 IF T(0.9)<T(0.J) THEN 1480 
1490 FOR 1=1 TO 65 

1495 T(I.9+L)=T(I.J+1HT(1.J+1)-T(I,J))*(T(0,J+1)-T(0,9))/(T(0,J+I)-T(0,J)) 

1500 IF T(1.9+L)>0 THEN 1510 
1505 T(l,9-fL)=0 
1510 NEXT I 
1515 NEXTL 
1520 PRINTER ISO 

1525 PRINT LIN( 1 )."PROTON DAMAGE COEFFICIENTS FOR VOC & PMAX ONLY” 
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1530 PRINT “PROTON","DAMAGK’’.*‘DAMAGE'’.’'NET” 

1 535 PRINT “BNERGY“,“COEPFICIENT”.“COEFFICIENr’, “DAMAGE" 

1 540 PRINT “(MBV)",’'(FR0NT)'V‘(REAR)’V*C0EFFICIENT” 

1545 FORI*^rrON2 

1 550 IF E2(I)<T( 1 .0) Tl IliN K» I 

1555 FORJ«lTOM 

1560 IF B2(I)>*T(J.0) THEN K“J 

1565 NEXTJ 

1570 D3(l)=T(K,9)+{T(K+I.9KnK.9))*(E2(IVT(K,0)V(T(K+I.0)-T(K.0H 
1 575 l)3(l+N2)*T(K,l 0)+(T(K+l .1 0)-T(K.l 0))*(E2(l)-T(K.0))/(T(k+ 1 ,0)-T(K,0)l 

1 580 PRINT E2(I),D3(I).D3(I+N2).D3(I)+D3(I+N2) 

1585 NEXT I 
1590 PRINTER IS 16 
1595 GOTO 1930 

1600 DATA 0.0..00559„0l68,.0335..0'^71,.l I2.J68..335 

1605 DATA. 1.. 5303.0.0.0.0.0, 0.0 

1610 DATA .2.,? 15.0,0,0,0.0.0.0 

1615 DATA .3. ,8623.0,0,0.0.0.0,0 

1620 DATA .4..9976.0.0.0.0.0.0.0 

1 625 DATA .6.1 .27 1.0 .0,0 ,0.0 ,0.0 

1630 DATA ,8.1.546.0.0.0.0.0,0.0 

1635 DATA 1.1.792.0.0.0.0.0.0.0 

1640 DATA 1.2.1.994.0,0,0,0,0,0.0 

1645 DATA 1.3,2.082, .04303.0,0.0.0.0.0 

1650 DATA 1.4,2.16.1.948,0,0,0.0,0,0 

1655 DATA 1 .6.2,299,.5853.0.0,0.0,0,0 

1660 DATA 1.8.2.4J2..9827.0.0.0.0.0.0 

1665 DATA 2,2.502.1.335,0,0,0,0,0,0 

1670 DATA 2.2.2.569,1.624.0,0.0.0.0.0 

1675 DATA 2,4.2.615.1,86,0.0.0,0.0.0 

1680 DATA 2.6, 2.645, 2.047..01 91 2, 0,0 ,0,0.0 

1685 DATA 2, 8, 2.656.2,191. .2733,0, 0,0, 0,0 

1690 DATA 3,2,64, 2, 298„6092,0,0.0.a,0 

1695 DATA 3.2.2,597 .2,375, .9375.0.0, 0,0.0 

1700 DATA 3,4.2,526,2,416,1,226,0.0.0,0,0 

1705 DATA 3.6.2.426,2.42.1.468,0.0,0.0,0 

1710 DATA 3.8.2.302,2.388.1,664.0,0,0,0,0 

1715 DATA 4.2.1 59.2.32, 1 .8 1 8..04687,0.0,0.0 

1 720 DATA 4.2,2.024.2.21 9.1 ,932„2866.0.0, 0,0 

1725 DATA 4,4.1.891 .2.093.1 .998..5697.0.0 .0,0 

1 730 DATA 4,6.1.766,1 .962,2.01 7..8378.0, 0.0,0 

1735 DATA 4,8.1.65.1,839.1,99.1,074.0.0,0,0 

1740 DATA 5,2.1.447.1.616.1,833.1.431,0,0.0,0 

1745 DATA 5,6,1,278.1,428,1.642,1,603,0,0,0,0 

1750 DATA 6,1 ,136.1 .268.1 ,467.1 .584..03741 ,0,0,0 

1755 DATA 6.4,1.02.1 .131,1 .3 12.1 .468 ,.45 1 ,0.0,0 

1760 DATA 6,8..9237,1.018,|.178.1.339..8464,0,0,0 

1765 DATA 7.2, .844„9252.1, 063.1. 2 18.1. 101, 0.0,0 

1770 DATA 7,6, .7775„8479..9673, 1.109.1. 166, 0,0,0 

1775 DATA8.,7204..7827..8867.1.013,1.125,.03696.0,0 

1780 DATA 8..6134..658,.7324,.8256..9523, .7614.0,0 
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HHS 

\m 

1 ?')5 
18U« 
1805 
1810 
1815 
1820 
1825 
1850 
1855 
18‘U) 
1855 
1850 
1855 
1800 
1805 
usni 
1815 
1880 
1885 
18‘H) 
1805 
l‘H)0 
l'H)5 
10 10 
1015 
1020 
1025 


DATA 10,. 5554, .5854,. 0505. .(»0o5..10O8..8425.0.0 
DA I A 1 1 ..5 1 00,.S55 1 . 5 o 0 1 „o 1 05 . 085 1 ..14o5.,5140,U 
DATA 1 2. 4O50..50S 1 .,52o4..558.,0055. o552.,o555.0 
DA I A 15. 4118 4.H5o„4O»l..5182...5405..5S5.,o044.0 

DA I A l4..4oo5.,4'l22..4815,.4054,.51 21,.552.-540o,0 
DAI A I 5..450 .k..|051.,4088..4758..480?„4‘)0 1.5041.0 
DA I A 10.4548..4512..4OU0..4o42..4085..4115,4521..5')50 
DATA 18.4455.4458.44S„4405..4418,.4410..4521..505o 
DAIA 20.,4552..45o‘’..4582.45io,4545..42oO..4142..5oO8 
DATA 22..428o..42-’8..420.,.)205..425..4 P2..404 1 ..550‘> 
data 24..421 1..421 1.4215. 4205..411O.40O7..50S1..3.55 
DA I A 20..414U..4 144.,4141..415i..4102..4Q55..305l ..3524 
DArA 28..4081.,40S1..40lo...t005..4040..5OiS..3084,.3521 
DA VA 50..4004,.4005..4005..5008„30o‘)..5020..3843..353 

DA I'A 54,.585o..5858,.3840..5850..583 1 ..3101,.5140,.552 
DA l A 58..5105...V?04„5i04,.37U5..5o8o,.5ooO,.5o50..5415 
DA I'A 42,.55o4..55o5.5.‘'00..55i2..3511..5540„552o..5400 

DA 1 A 4o..542o..542o..5420„5455..545o,.542 1 ..5400..5554 
DA l A 50. 520ii..52Oo.,52O8..550l ..5504,.5505..3201..5245 
DA l A 55., 5 1 45.5 1 45. 5 1 4". 5 1 5 1 .3 1 58..5 1 0 1 ..5 1 0 1 ..5 1 32 
DA 1 A o0.,3005..300o.300 ’. 50!0..50l(.,.3020. 3022..5007 
DA lA (i5..2850..28(D ..28li5„28‘*. 288..280„2SO?..2SOO 


DAT A H). 


^ ^ i 


2 »20. 2'^20,.2'’33„2l43..2153..21Ol,.21i3 


DA l A 80. 2481 . 2483. 248 '..24O2...2501 ..25 1 2. .2523. ,2.543 

DA fA oo. 2240..225 1 ..2255..220..22T.2281 ..2204..232 

DA I A lOO.TOOO. 2001, .2000,. 2U13..2O25. 203O..20S5.. 2002 

D A VA 1 30.. 1 402,. 1 403 .. 1 40(v.. 1 5..1 500. 1 5 1 0.. 1 53 ., 1 5 0 

DA TA loO. 1 183..1 183..1 18.5..1 188..1 102..1 1 00,. 1200. 1220 

D.A I A 200..0O2 1 5,.0022v00220,.0O242„0O2OS,.00302„0O344..UO4o2 


1020 HI I'URN 

1025 KlUVill’ ! + + ***»,♦♦*>(< *% + *+*%*i|> + H<***'ti**'F + H!* 'Ff *'F)*i****H.*»*+-'ti 

T')40 ID M Tins SUMHOUriNI USI .S rill' IMUvVIOUSlA’ Dl- rT‘HMINIU>CIIAlUilT) HAHTK 

1 o .|5 him I I Ul’NC'r S & DAMACn- COIT'lTCUiNTS TO CAUTlLA l'Ii TlUi I Ml' V HQUlVALIiNT l‘UIHNCH 

1050 TKO 

1055 l•ORD■^r()Nl 

io(,o l•l^lHun-Ht(l■^^)*^l)UlHlDlH•N^vt■l•l 

I0fi5 NTXri 

1 070 (2-0 

I075 |-2”0 

lo.HO ^•OIU 1TON2 

I0S5 l•2clH2lD4U(l•t'l))*lD2(IVH)2ll•l•N2)V*4■2 
lOOO l%THR2(D=H2(l(>l))*(l)3liyi4)3{H'N2)VH-3 
1005 Nl'Xri 
2000 l>HINH4{iSO 

2005 l»H!N r I IN(l ).’‘SOI.AH Cl I I '\'MT I'CTHON KADIATI0N’'.“I>H()T0N HADIATI0N''.-‘N1'T HADI 
ATION" 

2010 PRINr ‘‘DI'GHADA riON’\’1’QU!VAUiN I' lfLUliNCH'\“HQUlVADUNT l•UUI^MCI■".'TiQUIVALhN I )' 
un-Ncr" 

2015 PRIN I' ''I'ARAMI'TI R”.*TMHV lD.liCTRONS/CM*2'VMOMI*V PRDTf2NS/CM‘2”/'IMIiV BLRCTRON 
:8/CM*2" 

2020 IMDNT 'MSC'\ID .F2.BTt-5UOO*l-2 
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2025 PRINT“VOC& PMAX”.FI,F3.FI+3000'*‘F3,L1N(3) 
2030 PRINTER IS 16 
2035 RETURN 


Appendix B -- IVDEG 


Of portD 

“GUR QUALITV 


5 l^gj^*jt!iic^(*)Mi**i|i****+*^**Ki***+**+****** [VDEG **************************'**********’***** 

1 0 REM THIS PROGRAM CALCULATES THE AMOUNT OF DEGRADATION IN THE l-V 
1 5 REM PARAMETERS OF A SILICON SOLAR CELL IRRADIATED WITH 1 MEV ELECTRONS 
20 REM AT NORMAL INCIDENT, 

25 OPTION BASE 0 

30 DIM Y(IO,l4),X(6),lsc(2),Voc(2),Pmax(2).Vmp(2),Inip(2) 

35 GOSUB Input 

40 GOSUB Temco 

45 GOSUB Unracl 

50 GOSUB DegracI 

55 GOSUB Irrad 

60 GOSUB Plot 

65 STOP 

70 Input' ! *>(i*i(<)i‘'(<***ii<i(>*iK**n<iii*i)'***+**>t"t‘**it<*#**>(<****it>f***ii<'ti****>t>****'t"i‘#***>i>**>i'*****+**>i‘*#<'* 

75 REM THIS SUBROUTINE COLLECTS INFORMATION ABOUT THE SOLAR CELL FROM THE 
80 REM OPERATOR 

85 PRINT (LIN(2),“I-V PARAMETERS BEFORE IRRADIATION:”, LIN(I ),SPA(4),‘Tsc (mA) =” 

90 INPUT Isc(O) 

95 PRINT Isc(0),LIN(l),SPA(4),“Voc (mV) =": 

100 INPUT Voc(O) 

105 PRINT Voc(O), LINO), SPA(4).‘‘Imp(!nA)=”; 
no INPUT Imp(O) 

115 PRINT lmp(0),LIN(!),SPA(4).“Vmp (mV) =”; 

120 INPUT Vmp(O) 

125 PRINT Vmp(0),LIN( 1 ), SPA(4), “CELL TEMPERATURE (’C)=”; 

130 INPUT Tern 

1 35 PRINT Tem,LIN( 1 ),SPA(4),“CELL THICKNESS (CM) =”; 

140 INPUTT 

145 PRINT T,LIN( 1 ),SPA(4).“ACTI VE CELL AREA (CM'2) =”; 

150 INPUT A 

155 PRINT A,LIN(1),SPA(4), “CELL RESISTIVITY (OHM-CM)=”; 

160 INPUT Res 

165 PRINT Res, LIN(3), “CELL TYPE:” 

170 PRINT SPA(4), “ENTER ‘i’ FOR CONVENTIONAL AND SHALLOW JUNCTION CELL” 

1 75 PRINT SPA(4), “ENTER ‘2’ FOR CELL WITH BACK SURFACE REFLECTOR (BSR)” 

180 PRINT SPA(4), “ENTER ‘3’ FOR CELL WITH BSR AND BACK SURFACE FIELD (BSF)" 

185 INPUT Dum 
190 Dum=lNT(Dum) 

195 IF Dum<l THEN 165 
200 IF Dum>3 THEN 165 

205 PRINT “CELL TYPE”;Dum,LIN(3),“IRRADIATION DOSE:” 

210 PRINT “EQUIVALENT FLUENCE FOR Isc DEGRADATION (IMEV ELECTRONS/CM ' 2) =”; 

215 INPUT Fsc 

220 PRINT Fsc 

225 PRINT “EQUIVALENT FLUENCE FOR Voc DEGRADATION (IMEV ELECTRONS/CM *2 = ”; 

230 INPUT Foe 

235 PRINT Foc,LIN(2) 

240 RETURN 
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250 

255 

260 
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360 
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385 
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395 
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430 

435 

440 

445 

450 

445 

460 
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465 
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475 

480 

485 

490 
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REM THIS SUBROUTINE DETERMINES THE TEMPERATURE COEEEICIENTS FOR BACH 
REM l-V PARAMETER OF THE IRRADIATED AND UNIRRADIATED CELLS 
FOR 1=1 TO 8 

READY(L0),Y(U).Y(L2).Y(l,4).Y(L5),Y(L7).Y(l,8),Y(l,lO).Y(l,ll) 

FOR J=1 TO 10 STEP 3 

Y(LJ+2)=Y(IJH(Rcs-2)*(Y(l,J+l)-Y(LJ))/8 

NEXTJ 

NEXT I 

FOR 1=1 TO 7 

IF Fsc<Y(L0)THEN 305 

Y(0.3)=Y(L3)+{F.sc-Y(L0))*(Y(1+I.3)-Y(L3))/(Y(I-H,0)-Y(1,0)) 

NEXTl 

FOR J=6 TO 1 2 STEP 3 
FOR 1=1 TO 7 
IF Foc<Y(l,0)THEN 335 

Y(0.J)=Y(LJ)+(Foc-Y(I.0))*(Y(I+1,J)-Y(I.J))/(Y(I+1.0)-Y(1,0)) 

NEXT I 
NEXTJ 
GOTO 385 

DATA O ,.0 1 8 2 ,.0 1 8 2 -2 ,0 1 ,-3.25 6 ,-.054 .-.0723 .-1.970,-2, 296 
DATA lE+1 2, .O166„0l85.-1.979,-2.248.-.0535.-, 072, -1.921, -2.235 
DATA 1E+13„019,.0222,-1.97,-2,255,-.052,-.0692.-1.9.-2.21 
DATA 3E+1 3..02 1 ,. 0286,-2.009,-2. 25.-.0498.-.065 1 .-1 .875.-2.208 
DATA 1 E+14, . 0265„0395 . -2.099 ,-2.254.-.046 1,-058,-1.898.-2,21 
DATA 3E+ 1 4..0325..0482 ,-2. 1 93.-2,259,-.04 1 6,-.052.-l .9 1 8,-2.2 1 6 
DATA lE+1 5, .035..0S 15,-2.259, -2, 275,-0376, -.04 17,-1. 98.-2.24 
DATA 1E+16,.0415,.06,-2,302,-2.309.-.0279.-.0361,-2.049,-2.326 
RETURN 

REM THIS SUBROUTINE DETERMINES THE CHARACTERISTICS OF THE UNRADlATED CELL 
lsc(0)=Isc(0)+A* Y( 1 ,3)*(30-Teni) 

Voc(0)=Voc(0)+Y( 1 ,6)*(30-Tem) 

Pniiix(0)=lmp(0)* Vmp(0)+ 1 E-3+A* Y(1 ,9)*{30-Tum) 

BimixK 1 ,5+(1 /3-1 .5)*(Res-2)/8)* 1 E-S 
Pmiix(0)=Pmax(0)/(l+Bma.K*(30-Teni)*(30-Te!n)/2) 

Vnip(0)=Vmp(0)+Y(l ,12)*(30-Tem) 

IF Tem>-:0 THEN GOTO 445 

Voc(0)=Voc(0)-Y( 1 ,6)*(30-Tem)+50'*‘Y(1 ,6)-(Y( 1 ,5)-.005*(Tein+20)/2)*(Tem+20) 

Vmp(0)= Vmp(0)-Y(l , 1 2)*(30-Teni)+50* Y( 1 , 1 2)-(Y( 1 .!2)-,005*(Teni+20)/2)*(Tem+20) 
lmp(0)=lE3’*'Pmax(0)/Vnip(0) 

PRINTER ISO 

PRINT LIN(2), "CELL TYPE” 

IF Dum=l THEN PRINT “A CONVENTIONAL AND SHALLOW JUNCTION N/P SILICON SOLAR C 

IF Dum=2 THEN PRINT "A N/P SILICON SOLAR CELL WITH BSR" 

IF Dum=3 THEN PRINT “A N/P SILICON SOLAR CELL WITH BSR AND BSF” 

PRINT “CELL RESISTIVITY =":Rcs;"OHM-CM" 

PRINT “CELL THICKNESS =“:T;“CM",LIN{1),“ACT1VE CELL AREA =“:A:“CM-2” 

PRINT L1N(2), “l-V CHARACTERISTICS OF THE UNIRRADIATED CELL” 

PRINT "Isc =":Iso(0):“niA +”;A*Y(1 ,3);“mA/’C * (T-30’C)" 
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495 PRINT *'Voe «":Vqe(0):*'mV'';y(l .(,);“mV/’C * (T-30’C)" 

500 PRINT ‘Tmax - “;Pmax(Q);“mW'’:A*Y(K9);"ni\V/'C ♦ (T-30'C)" 

505 I>R!NT “Vmp = ‘TV'mp(0);“iivV’TVt 1 , 1 2):“m V/‘C * {T-30'C)” 

510 PRINT "Imp -Pmax^Vmp" 

515 PRINIIRISU) 

520 lUIURN 

525 Dopl’illi; + + ♦♦ft* ♦ ♦t'ti 

530 RI’M rmS SUBROUTINI' Dl-TFRMINliS Till- DBGRADATION IN TIIK UV CURVE AT 28’C 

535 FOR 1-110 3 

540 R1:aI)T1.T2 

545 FORJ = l r0 4 

550 RF AD B1.B2.B3.B4 

555 B5=II1+(B24H)*( ITn (T2-T1 ) 

SOO Bti=B3 ^(B4433l*( lvi n/0‘2'Tn 

5(i5 FciU)=B5+(B(i.B5)’«(Res-2Vll0O) 

570 NF’XTJ 
575 NFXTl 

5S0 C(l)--l*lscUn/U!Ti2) 

585 C{2)=-.l*Vuc(0),Lcn'(2) 

590 CT3)~-.l*Pma\(0)/L(n‘(2) 

595 r(4)--.i*vmp(0)/icrr(2) 

()00 PRINIFRISO 

005 PRINT UN(2)."1)FC1RAI)ATI0N EQUATION FOR FACII l-V PARAMFTFR'’ 

CIO PRINT •MscO’ )=”:lsw'(0):"mA’’T(n;"*FOCU FH-r’*.Fc(l)imi,l irMMF V c'-/CNr2)" 

615 PRINT "V\xHF)="A\KTO):"mV":C(2):‘'*TOC;( l+F/'FFc(Dunu2):‘'lMEV e-/CNr2)" 

620 PRINT "Pn\ax(FT=";Pi!)axC0):"in\V":C\3 );"TTXU I+F/‘^Fc(Duip,3)i" 1 MliV e-/CM*2)’’ 

625 PRINT "V^ipHF)=^‘‘:VnnH0):“inV’’;C(4):"^LOC.U+F7“:Fc(Dum.4):‘TNII:V t'-/CM'2)’* 

630 PRINT "liiipiF) = PiiiaxtF'VVmpU-r 
635 PRINTER IS 16 
640 GOTO c90 

645 DATA .02,.03.1.6H+14,1.6E+14,S.2F+14,4.5li+14 

650 DATA lF445.1lT15,3lT15.2F+15.7.4F+l3,7.41vH3 

655 DATA 2.9F+I4. 1 >5l.Tl 4,1 F+1 5,1 ITI 5.1 ,81T1 5.1 IFH 5 

660 DATA .01,02, 4.5FT14.2.31‘+14.1,3F+15.4.5LT14 

665 DATA 5F+I5.t.3F+]5,6.2F+lS,2.1F+15.2.3E+l4,U5F+14 

670 DArA5.SF+l4.2F+14.2.4lTl5,l,lli+l5.3.2F+l5.1.3F+15 

675 DATA ,0I,.02.1.15E+14,7F+|3,3.SE+14,1.5E+14 
680 DATA3.SK>k|4,4.5E+14,1.9E+14,1.3E+14,4,8E+13.3,4E+I3 

685 DATASIT13.3.6F-i-13.3.3F+14.2.6ITI4.2IHI4.1,2E+I4 

690 RETURN 

700 REM THIS SUBROU'I INH DlTF RMlNFS THE CllARACTERIS PICS OF THE IRRADIATED CELL 
705 lscin==lscc01+C\l)*LGTtl+Fsa/Fc(Diini,l )) 

710 \Tkt 1 )-Vo^0)+Cl2)*LGT(H-Foe/Fc(Dtiin,2)) 

7 1 5 Pniaxi I )»Pma,\(0)-K'(3)*LGT( I +Foc/Fc(Dum .3)) 

720 ViniHn=Vmp(0HC(41'*^LGTU+Eoc/Fc(Diim,4)) 

725 linptn=lE3Tmax(niVmp(n 
730 PRINTER ISO 

735 PRINT L1NC2),‘'RADLAT10N DOSAGE” 

740 PRINT “EQUIVALENT FLUENCB FOR lsc=”:F.su;”lMEV ELECTRON' *'M'2” 

745 PRINT “EQUIVALENT FLUENCE FOR Voc, Pmax & Vmp =“:Foc:’TMEv £LECTRONS/CM‘2“ 
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750 PRINT LlN(2)/i-V CHARACTERISTICS OF THE IRRADIATED CELL” 

755 PRINT “Isc =”; Isc(l);“mA +”:A*Y(0,3);“mA/‘C ♦ (T-30‘C)” 

760 PRINT “Voc =“;Voc(l):‘‘mV”;Y(0,6);‘‘mV/‘C * (T-30‘C)” 

765 PRINT “Pmax =“;Pmax(l):*‘mW”:A*Y(0,9):“niW/‘C (T-30‘C)” 

770 PRINT‘‘Vmp=”;Vmp(I):“mV”;Y(0,l2);‘‘mV/‘C ^ (T-30‘C)" 

775 PRINT “Imp = Pmax/Vmp” 

780 PRINTER IS 16 

785 RETURN 

790 Plot! ! ♦*********'t'*********’t"t‘***t‘***'*"*‘*'t‘***‘*‘*'*"**'*'****’*"*'*i‘'*"i‘*'*‘**'*‘********'''*******'i‘'*‘**** 
795 REM THIS SUBROUTINE PLOTS A FAMILY OF I-V CURVES FOR THE IRRADIATED 
800 REM AND UNIRRADIATED CELLS 

805 PLOTTER IS 13, “GRAPHICS” 

810 GRAPHICS 

815 LOCATE 1,120,1,90 

820 Xmax= 1 00*( I +INT((Voc(0)+Y(l ,6)*-60)/100)) 

825 Ymax=25*(l+INT((lsc(0)+A*Y(l ,3)*60)/25)) 

830 SCALE -Xmax/10.Xmax,-Ymax/10,Ymax 

835 AXES 10,5.0,0,10,5 

840 FOR K=0 TO 1 

845 FOR Tc=90 TO -30 STEP -60 

850 CSIZE3 

855 LDIRO 

860 LORG 5 

865 X( 1 )=lsc(K)+A* Y( 1 -K.3)nTc-30) 

870 X(2)=Voc(K)+Y(l-K,6)*(Tc-30) 

875 Bmax=1.5+(l/3-1.5)*(Res-2)/8)*lE-5 

880 X(3)=(Pmax(K)+A*Y(l-K,9)*{Tc-30))/a+Bmax*(TC‘30)*(Tc-30)/2) 

885 X(4)=Vnip(K)+Y(l-K.12)*(Tc-30) 

890 IF TO-20 THEN GOTO 905 

895 XC)=VoL(K)-50*Y(l-K,6)*(Y(l-K,6)-.005*(Tc+20)/2)*(Tc+20) 

900 X(4)= Vmp(K)-50* Y( 1 -K, 1 2)*(Y( I -K , 1 2)-.005 *(Tc+20)/2)*(Tc+20) 

905 X(5)=1E3^X(3)/X(4) 

910 MOVE0,X(l) 

915 FOR Vol=0 TO INT(X(2)) 

920 C2=(X(4)/X{2)-l)/LOG(l-X(5)/X(l)) 

925 Cl=tl-X(5)/X(l))’‘'EXPt-X(4)/tC2'!'X(2)» 

930 Ciir=^X{l)"HI+Cr“(l-EXP(VoI/(C2=»X(2)))) 

935 PLOTVol.Cur 

940 NEXTVol 

945 MOVE X(4).X(5) 

950 CSIZE3 

955 LABEL 

960 LORG 3 

965 CS1ZE2 

970 MOVE Xnuix/I00.X(l)-Ymax/195 

975 LABEL “T=":Tc:“C” 

980 NEXTT-: 

985 NEXT K 

990 REM LABEL VOLTAGE AXES 

995 CSIZE 3 

1000 LORG 5 
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1 005 FOR 1=0 TO Xmax STEP 1 00 
1010 MOVE t.-Ynnix/30 
1015 LABEL I 
1030 NEXT I 

1025 MOVE Xmax/2.-Ymi.x/15 
1030 LABEL '^VOLTAGE (mV)” 
1035 REM LABEL CURRENT AXES 
1040 LORC. 8 

1 045 l-OR 1=0 TO Ynuix STEP 25 
1050 MOVE -XnuiN, 50,1 
1055 LABEL I 
lOftO NEXT! 

10(i5 DEG 
1070 LD1R90 
1075 LORGO 

1 080 MOVE ^Xma\; 1 0.Ymax/2 
1085 LABEL ’'CURRENT (niA)" 
1090 DUMP GRAPHICS 
1095 EXIT graphics 
1100 PRINTER ISO 
1105 PRINT LIN(4) 

1110 PRINTER IS 1(1 
1115 RETURN 
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Appendix C - lUEPOW 

5 RBM lUEPOVV *+*+*’t“)‘* + *‘t‘+************+******'*"*'**'*'** 

10 REM THIS PROGRAM CALCULATES THE lUB SOLAR ARRAY POWER VERSUS BETA ANGLE 
15 REM FOR EACH YEAR FROM THE BEGINNING OF LIFE TO 10 YEARS. 

20 DIM P(136.15).P|(l36,3),Pc(l36.3).Pii(l36,3) 

25 DEG 

30 READ Tmin.Tmax 
35 FOR Time=Tniin TO Tniax 
40 FORC=IT0 2 

45 READ Ysc,Bsc.Yoc,Boe.Ymax,Bm!ix,Yinp,Bnip,Fsc.Fop,TO 
50 FORB=0TO135 

55 REM CALCULATE LOWER PANEL POWER 
60 IF B>l 12 THEN 90 
65 Vop=389 

70 S=COS(B-22.5) 

75 T=37,41513+hl0256*B-,01848*B*B+TO 

80 GOSUB lop 

85 PI(B,C)=48*28*lop/1000 

90 REM CALCULATE CENTRAL PANEL POWER 

95 Vop=423 

100 S=COS(B-67.5) 

105 T=-12, 18705+2, 13056*B-.01563*B*B+TO 

1 10 GOSUB lop 

115 Pc(B,C)=40*28*lop/l000 

1 20 REM CALCULATE UPPER PANEL POWER 

125 IFB<23THEN 155 

130 Vop=389 

135 S=COS(B-l 12.5) 

140 T=-l 26,3935+3.5 1 306*B-.01 652*B*B+TO 

145 GOSUB lop 

150 Pu(B.C)=48*28*lop/1000 

155 NEXTB 

160 NEXTC 

165 FORB=0TO135 

170 K=,06661+.01202*B-.00007*B*B 

175 P(B,Time)=K*(Pl(B,l)+Pc(B,l)+Pu(B,l))+(l-K)*(Pl<B,2)+Pc(B,2)+Pu(B,2)) 

180 NEXTB 
185 NEXT Time 
190 GOSUB Graph 

195 GOSUB Print 

200 STOP 

^05 lop ' * ♦♦♦♦t‘**>i<****+***i(‘*i(i* ♦★ 1)1 ****iii***+, ♦♦*****♦*♦♦*>(,*♦** ****♦♦**♦*•*♦*♦#•*♦* 

210 REM THIS SUBROUTINE CALCULATES THE CELL OPERATING CURRENT. 

215 Isc=Ysc+Bsc*(T-30) 

220 Voc=Yoc+Boc*(T-30) 

225 Pmax-(Ymax+Bmax*(T-30))/(l + l.64S83E-5*(T-30)*(T-30)/2) 

230 Vmp=Ymp+Bmp*(T-30) 

235 IF T>-20 THEN GOTO 250 

240 Voc=Yoc-50*Boc+(Boc-,005*(T+20)/2)*(T+20) 

245 Vmp=Ymp-50*Bmp+(Bmp-.005*(T+20)/2)*(T+20) 
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250 lmp=1000*Pniax/Vmp 
255 C2=(Vmp/Voc-l)/LOG(I-lmp/lsc) 

260 Cl=(l-lmp/lsc)*EXP(-Vmp/(C2*Voc)) 

265 Iop=lsc*(l+CI*(l-EXP(Vop/(C2*Voc)))) 

270 lop=Fop*(lop-{lsc-Fsc*S*lse)) 

275 IF lop<0THEN lop=0 
280 RETURN 

"*85 Graplt “• ’ >f*f<*#"i‘*'(‘ + *'(>++'('*t‘*>t‘********'t>+***i(iiti*t********i(i*******<i*+*****************.****(‘*i‘ 
290 REM THIS SUBROUTINE PLOTS POWER Vs, BETA FOR EACH YEAR. 

295 Ymax=50*(l+INT(P{70,Tmin)/50)) 

300 Ymin=50*lNT(P(O.Tn)ax)/5O) 

305 PLOTTER IS 13. “GRAPHICS" 

310 GRAPHICS 

315 LOCATE 1,120,1,90 

320 SCALE-15,135,Ymin-(Ymax-Ymin)/10,Vmax 

325 AXES 5,10,0,Ymin,9,5 

330 REM LABEL BETA AXES 

335 LDIRO 

340 CSIZE3 

345 LORG 5 

350 FOR 1=0 TO 135 STEP 15 
355 MOVE LYmin-CYmax-YMin)/30 
360 LABEL I 
365 NEXT I 

370 MOVE 67,Ymin-(Ymax-Yniih)/l 5 
375 LABEL “BETA ANGLE (DEGREES)" 

380 REM LABEL POWER AXES 
385 LORG 8 

390 FOR L-Yniiii TO Yinax STEP 50 

395 MOVE 0,1 

400 LABEL I 

405 NEXT I 

410 LDIR90 

415 LORG 6 

420 MOVE -15,Ymin+(Ymax-Ymin)/2 
425 LABEL “POWER (WATTS)’’ 

430 LORG 5 
435 LDIRO 
440 CS1ZE2 

445 FOR Tiine=Tmin TO Tmax 
450 MOVE 0,P(0, Time) 

455 FORB=0TO135 
460 PLOTB,P(B,Time) 

465 NEXTB 
470 NEXT Time 
475 DUMP GRAPHICS 

480 EXIT GRAPHICS 
485 RETURN 

490 Print; ! ******* ++*****♦*♦********■(‘♦♦*' 11 * ***>(<**ii<it>*i(!+i)t*:)i**i(i#*i)c****it>****iii****t**>i>**iii**>ic**itc 
495 REM THIS SUBROUTINE PRINTS A HARD COPY OF THE AVAILABLE POWER AT EACH BETA 
500 REM ANGLE FOR each YEAR. 
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505 

510 

515 

520 

525 


PRINTKR ISO 


I’OR Timc*Tmiii TO Tmax 

PRINT LIN(4). ‘AVAILABUi SOLAR ARRAY POWER AFTER "jTime;" YEARS” 


FIXED 0 

PRINT *‘l)ETA”:TAB(7).*i’0\VER”;TAB(19).”BETA":TAB(26).“l»0WER":TAB(38),"BETA”:T 


AB(45).”P0WER”:TAIK57).”BETA”:TAB(()4), “POWER” 

530 PRINT“(Dl-:G)”;TAB(7).“tWATTS)”;TAB(19)“(DEG)”;TAB(26),“(WATTSr;TAB(38),“( 

DEG)”n’AB(45).“(WATTS)"iTAB(57).“(DEG)”;TAB(64),“(WATTS)” 

535 FOR B=0 TO 1 32 STEP 4 

540 PRINT B;TAB(7).P(B,Tinio):TAB(l 9),B+I ;TAB(26).P(B+1 ,Time);TAB(38),B+2:TAB(45 
).P(B+2,Tinve)rTAB(57),B+3:TAB(64}.P(B+3.Time) 


545 

NEXT 

B 





550 

NEXT 

Tinto 





555 

PRINT 

LIN(4) 





560 

PRINTER IS 16 




565 

RETURN 





570 

DATA 

0,10 





575 

DATA 

140.34,, 

,06734,586,1 

,-1.979,64.04, 

,-.191,490,32, 

-1.936, 1.035„958.3 7 

580 

DATA 

137.34, 

,06734.586.1 

.-1.979,62,54, 

,-.191,490.32. 

-1.936., 954, .902, -3.7 

585 

DATA 

131.25,, 

,0777.580.96 

,-2.57.63.- 1 74,486.7 1 ,-l .84,1 .035..958.3.7 

590 

DATA 

121 .02. 

.0918.574.83 

.-2.08,51.83,- 

,165,482.37.- 

1.86..954,.902,-3.7 

595 

DATA 

1 25.00,, 

,0889.576.1.- 

2,071,53,88.- 

■.166.483.28.- 

1,857, 1,035, .958, 3,7 

600 

DATA 

1 12,2., 1023.564.88,- 

2.139.47.07.- 

.156,475.23,- 

1.871,.954..902,-3.7 

605 

DATA 

120.24. 

,0954.571.52 

.-2.101,51.22 

,-.162,480,01. 

-1,863, 1.035, .958, 3.7 

610 

DATA 

106.12,, 

,1 127.555.97 

.-2,186.43.97, 

,-.1488, 468, 74, -1.883, .954, .902, -3.7 

6 15 

DA'PA 

1 16,38. 

,09995,567.11 

6.-2. 1 26,49. K 

6.-.1 58.476.88.-1 .860.1 ,035, .958.3.7 

620 

DATA 

101.47., 

,1142.547.92 

.-2.197.41,67, 

,-.1469.462.8, 

-1.S93..954..902.-3.7 

625 

DATA 

1 13.14., 

,1045.563.02, 

.-2.15.47.48,- 

,1543,473.89,- 

-1, 874.1. 035..958.3.7 

630 

DA'PA 

97.7 1„1 

155,540.57,- 

2.208,39.84.- 

,145,457.32,- 

I.903..954..902.-3.7 

635 

DATA 

110.35, 

.1091.559.08, 

,-2.174.46.05, 

,-.1505.471,01 

1 ,--1.879, 1.035..958.3.7 

640 

DATA 

94.5 5, .1 

167,533.81.- 

2.219.38.31.- 

.1433,452.23. 

-1.9l3.,954..902,-3.7 

645 

DATA 

I07.9..1 

131.555.31,- 

2.187,44,82.- 

1486.468.25.- 

■1,884, 1.035, .958, .3.7 

650 

7 

DATA 

91,822., 

,1 1798.527.54.-2.231,37.0, 

,-.141 48.447.48 1 6.- 1 .924..954..902.-3 

, / 

655 

DA FA 

105.71,, 

.1 136.551,7.- 

2.192,43.73.- 

.1478.465.59. 

-1,888, 1.035, .958.3.7 

660 

DATA 

89.43,. 1 

192,521.71,- 

2,242,35.87.- 

.1397.443.03. 

-1.934,.954..902,-3.7 

665 

DATA 

103.74, 

.1 142.548.24 

,-2.197.42.76, 

,-.147.463.03, 

-1.893.1.035,.958.3,7 

670 

DATA 

87.29,. 1 

205.516,26,- 

2.253,34.86.- 

.1378.438,85. 

-l,944,.9S4,. 902.-3, 7 

675 

DAI'A 

101.94,, 

,1 148.544.91 

.-2.2.41,87,-1 

1462,460.56.- 

1.897, 1,035, .958, 3.7 

6h0 

DATA 

85.36.. 1 

217.51 1.14,- 

2.257.33.95.- 

.1309.434.9,- 

1. 948, .954, ,902, -3.7 
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Appendix D - PREDICTED lUE SOLAR ARRAY CHARACTERISTICS 

BEST CASE irradiation DOSAGE AND I V PARAMETERS AT BOL 
EQUIVALENT FLUENCE FOR Isc = 0 I Me ve/cm 2 

EQUIVALENT FLUENCE FOR Vqc AND P^ax = 0 e/cm2 
Isc == 140.34mA + ,0673mA/°C (T-30°C) 

Vqc = 586.10mV - 1 .98mV/®C (T-30“C) 

Pm AX = 64.04mW - .19ImW/°C (T-3o’C) 

Vmp = 490.32mV - 1 .94mV/°C (T-30"C) 


WORST CASE IRRADIATION DOSAGE AND I-V PARAMETERS AT BOL 
equivalent FLUENCE FOR Igc = 0 IMev e/cm^ 

EQUIVALENT FLUENCE FOR Vqc AND Pmax = 0 1 Mev e/cm2 
Isc = 137.34 + .0673mA/°C (T-30°C) 

Vqc = 586.10mV - 1 .98mV/“C (T-30°C) 

Pmax = 62,54mW - .lOlrnWrc (T-30°C) 

Vmp = 490.32mV - 1 .94mV/°C (T-30°C) 


AVAILABLE SOLAR ARRAY POWER AT BOL 


BETA 

POWER 

BETA 

POWER 

BETA 

POWER 

BETA 

POWER 

(DEG) 

(WAITS) 

(DEG) 

(WATTS) 

(DEG) 

(WATTS) 

(DEG) 

(WATTS) 

0 

198 

1 

201 

2 

205 

3 

209 

4 

212 

5 

215 

6 

219 

7 

222 

8 

225 

9 

229 

10 

232 

11 

235 

12 

238 

13 

241 

14 

243 

15 

246 

16 

249 

17 

251 

18 

254 

19 

256 

20 

259 

21 

261 

22 

263 

23 

267 

24 

271 

25 

276 

26 

281 

27 

285 

28 

290 

29 

294 

30 

299 

31 

303 

32 

307 

33 

311 

34 

315 

35 

319 

36 

323 

37 

327 

38 

330 

39 

334 

40 

337 

41 

340 

42 

344 

43 

347 

44 

350 

45 

352 

46 

355 

47 

358 

48 

360 

49 

363 

50 

365 

51 

367 

52 

369 

53 

371 

54 

373 

55 

375 

56 

376 

57 

378 

58 

379 

59 

380 

60 

381 

61 

382 

62 

383 

63 

384 

64 

385 

65 

385 

66 

386 

67 

386 

68 

386 

69 

386 

70 

386 

71 

386 

72 

385 

73 

385 

74 

384 

75 

383 

76 

383 

77 

382 

78 

381 

79 

379 

80 

378 

81 

377 

82 

375 

83 

373 

84 

372 

85 

370 

86 

368 

87 

366 

88 

363 

89 

361 

90 

358 

91 

356 

92 

353 

93 

350 

94 

347 

95 

344 

96 

341 

97 

338 

98 

334 

99 

331 

100 

327 

101 

324 

102 

320 

103 

316 

104 

312 

105 

308 

106 

303 

107 

299 

108 

295 

109 

290 

110 

286 

111 

281 

112 

276 

113 

273 

114 

271 

115 

269 

116 

267 

117 

265 

118 

262 

119 

260 

120 

257 

121 

255 

122 

252 

123 

249 

124 

246 

125 

244 

126 

240 

127 

237 

128 

234 

129 

231 

130 

228 

131 

224 

132 

221 

133 

217 

134 

214 

135 

210 
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ORiGiNAi: 

(OF, POOR QUALITY 


BEST CASE IRRADIATION DOSAGE AND I-V PARAMETERS AFTER 1 YEAR 
EQUIVALENT FLUENCE FOR Isc = 4.39E+13 lMeve/cm2 

EQUIVALENT FLUENCE FOR Vqc AND Pmax = 4.7IE+13 JMcvc/cm^ 

Isc = 131 ,25mA + .0777mA/°C (T-30°C) 

Vqc = 580.96mV - 2.00mV/®C (T-30®C) 

Pmax = 57.63mW - ,174mWrC (T-30°C) 

Vmp = 486.7 1 mV - 1 .87mv/c (T-30*C) 

WORST CASE IRRADIATION DOSAGE AND I-V PARAMETERS AFTER 1 YEAR 
EQUIVALENT FLUENCE FOR Isc = 9.90E+13 IMev e/cm^ 

EQUIVALENT FLUENCE FOR Vqc AND P^ax == 1 07E+14 IMev e/cm^ 
Isc = 1 2L02mA + ,09 1 8mA/°C (T-30“C) 

Vqc = 574.83mV - 2,08mV/^C (T-30°C) 

Pmax = 5 1 ,83mW - . 1 65mW/°C (T-30“C) 

Vmp = 482,37mV - l,86mV/°C (T-30°C) 


AVAILABLE SOLAR ARRAY POWER AFTER 1 YEAR 


BETA 

POWER 

BETA 

POWER 

BETA 

POWER 

BETA 

POWER 

(DEG) 

(WATTS) 

(DEG) 

(WATTS) 

(DEG) 

(WATTS) 

(DEG) 

(WATTS) 

0 

173 

1 

176 

2 

180 

3 

183 

4 

186 

5 

189 

6 

192 

7 

195 

8 

198 

9 

201 

10 

204 

11 

207 

12 

210 

13 

212 

14 

215 

15 

217 

16 

220 

17 

212 

18 

225 

19 

227 

20 

229 

21 

231 

22 

233 

23 

236 

24 

240 

25 

245 

26 

249 

27 

253 

28 

257 

29 

261 

30 

265 

31 

269 

32 

273 

33 

276 

34 

280 

35 

284 

36 

287 

37 

290 

38 

294 

39 

297 

40 

300 

41 

303 

42 

306 

43 

309 

44 

311 

45 

314 

46 

317 

47 

319 

48 

321 

49 

324 

50 

326 

51 

328 

52 

330 

53 

331 

54 

333 

55 

335 

56 

336 

57 

337 

58 

339 

59 

340 

60 

341 

61 

342 

62 

343 

63 

343 

64 

344 

65 

344 

66 ‘ 

345 

67 

345 

68 

345 

69 

345 

70 

345 

71 

345 

72 

345 

73 

344 

74 

344 

75 

343 

76 

343 

77 

342 

78 

341 

79 

340 

80 

339 

81 

337 

82 

336 

83 

334 

84 

333 

85 

331 

86 

329 

87 

327 

88 

325 

89 

323 

90 

321 

91 

319 

92 

316 

93 

314 

94 

311 

95 

308 

96 

306 

97 

303 

98 

300 

99 

296 

100 

293 

101 

290 

102 

286 

103 

283 

104 

279 

105 

276 

106 

272 

107 

268 

108 

264 

109 

260 

110 

256 

111 

252 

112 

248 

113 

245 

114 

243 

. 115 

241 

116 

239 

117 

237 

118 

235 

119 

233 

120 

231 

121 

228 

122 

226 

123 

223 

124 

221 

125 

218 

126 

216 

127 

213 

128 

210 

129 

207 

130 

204 

131 

201 

132 

198 

133 

195 

134 

191 

135 

188 
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OR(G(m* PAS2 m 
OF POOR QtlAUTY 


BEST CASE IRRADIATION DOSAGE AND l \ PARAMETERS AETER 2 YEARS 
EQUIVALENT FLUENCE FOR Isc ” 8.78E+13 iMev e/cm2 

equivalent FLUENCE FOR Vqc AND P^Ax “ 9.4IE+I3 IMevc/cm2 
Isc * 1 25.00niA + .0889mA/®C (T-30'’C) 

Voc * 576. 10m V - 2.07m V/*C ('MO^C) 

Em AX * 53.88mW - .l66mW/“C (T-30'’C) 

Vj^ip == 483.28mV - I S6mVfC (T-30'’C) 

WORST CASE IRRADIATION DOSAGE AND l-V PARAMETERS AFTER 2 YEARS 
EQUIVALENT FLUENCE FOR Isc “ 1 .98E+14 IMev e/cm^ 

EQUIVALENT FLUENCE FOR Voc and I’maX 2.14E+14 lMeve/cm2 
Isc - 1 12.20mA + .102mA/”C (T-30"C) 

Voc 564.8SmV - 2,14mV/‘’C (T-30“C) 

Pm AX = 47.07mW - a56mW/"C (T-30’C) 

Vmp= 475.23mV - 1.87mV/^C (T-30°C) 


AVAILABLE SOLAR ARRAY POWER AFTER 2 YEARS 


BETA 

POWER 

BETA 

POWER 

BETA 

POWER 

BETA 

POWER 

(DEG) 

(WAITS) 

(DEG) 

(WATTS) 

(DEG) 

(WATTS) 

(DEG) 

(WATTS) 

0 

160 

1 

163 

2 

166 

3 

169 

4 

172 

5 

175 

6 

178 

7 

181 

8 

184 

9 

187 

10 

189 

11 

192 

12 

195 

13 

197 

14 

200 

15 

202 

16 

204 

17 

207 

18 

209 

19 

211 

20 

213 

21 

215 

22 

217 

23 

220 

24 

224 

25 

228 

26 

232 

27 

235 

28 

239 

29 

243 

30 

247 

31 

250 

32 

254 

33 

257 

34 

261 

35 

264 

36 

267 

37 

270 

38 

274 

39 

276 

40 

279 

41 

282 

42 

285 

43 

288 

44 

290 

45 

293 

46 

295 

47 

297 

48 

299 

49 

301 

50 

303 

51 

305 

52 

307 

53 

309 

54 

310 

55 

312 

56 

313 

57 

314 

58 

316 

59 

317 

60 

318 

61 

318 

62 

319 

63 

320 

64 

320 

65 

32! 

66 

321 

67 

322 

68 

322 

69 

322 

70 

322 

71 

322 

72 

321 

73 

321 

74 

321 

75 

320 

76 

319 

77 

319 

78 

318 

79 

317 

80 

316 

81 

315 

82 

313 

83 

312 

84 

310 

85 

309 

86 

307 

87 

305 

88 

304 

89 

302 

90 

300 

91 

297 

92 

295 

93 

293 

94 

290 

95 

288 

96 

285 

97 

282 

98 

280 

99 

277 

100 

274 

101 

271 

102 

267 

103 

264 

104 

261 

105 

258 

106 

254 

107 

250 

108 

247 

109 

243 

110 

239 

111 

236 

112 

232 

113 

229 

114 

227 

115 

226 

116 

224 

117 

222 

118 

220 

119 

218 

120 

216 

121 

214 

122 

211 

123 

209 

124 

207 

125 

204 

126 

201 

127 

199 

128 

196 

129 

193 

130 

191 

131 

188 

132 

185 

133 

182 

134 

179 

135 

176 


65 


mss m 

os- POOR QUALITY 


BEST CASE IRRADIATION DOSAGE AND I V PARAMETERS AFTER 3 YEARS 
EQUIVALENT FLUENCE FOR Igc “ J .32E+I4 IMev e/cm^ 

EQUIVALENT FLUENCE FOR Vq^ AND PmaX “ J 4 1 E+l 4 1 Mev e/cm2 
Ijv,; J 20.24mA + .0954mA/"C (T-30“C) 

Voc 571 ,52mV .-2,10m V/®C (T-30“C) 

PmaX “ 5 1 ,22mW - . 1 62mW/‘’C (T-30'’C) 

Vmp = 480.00mV - 1 .86 mV/*C (T-30“C) 


WORST CASE IRRADIATION DOSAGE AND 1-V PARAMETERS AFTER 3 YEARS 
EQUIVALENT FLUENCE FOR Igc = 2.97E+1 4 1 Mev e/cm^ 

EQUIVALENT FLUENCE FOR Voc and PmaX = 3.2JE+I4 lMev e/cm2 
Isc == 106.12mA + ,1 13mA/“C (T-30“C) 

Voc == 555.97mV - 2.I9mV/°C (T-30“C) 

Pm AX == 43,97mW - .149mW/“C (T-30'’C) 

Vmi> = 468.74mV - 1 MmV/^C (T-30“C) 


AVAILABLE SOLAR ARRAY POWER AFTER 3 YEARS 


BETA 

POWER 

BETA 

POWER 

BETA 

POWER 

BETA 

POWER 

(DEG) 

(WATTS) 

(DEG) 

(WATTS) 

(DEG) 

(WATTS) 

(DEG) 

(WATTS) 

0 

151 

1 

154 

2 

157 

3 

160 

4 

163 

5 

166 

6 

169 

7 

171 

8 

174 

9 

177 

10 

179 

11 

182 

12 

184 

13 

187 

14 

189 

15 

191 

16 

194 

17 

196 

18 

198 

19 

200 

20 

202 

21 

204 

22 

206 

23 

208 

24 

212 

25 

216 

26 

220 

27 

223 

28 

227 

29 

230 

30 

234 

31 

237 

32 

241 

33 

244 

34 

247 

35 

250 

36 

253 

37 

256 

38 

259 

39 


40 

265 

41 

267 

42 

270 

43 

.fl 

44 

275 

45 

277 

46 

279 

47 

282 

48 

284 

49 

285 

50 

287 

51 

289 

52 

291 

53 

292 

54 

294 

55 

295 

56 

297 

57 

298 

58 

299 

59 

300 

60 

301 

61 

352 

62 

302 

63 

303 

64 

303 

65 

304 

66 

304 

67 

304 

68 

305 

69 

305 

70 

305 

71 

305 

72 

304 

73 

304 

74 

304 

75 

303 

76 

302 

77 

302 

78 

39! 

79 

300 

80 

299 

81 

298 

82 

297 

83 

296 

84 

294 

85 

293 

86 

291 

87 

290 

88 

288 

89 

286 

90 

284 

91 

282 

92 

280 

93 

278 

94 

275 

95 

273 

96 

270 

97 

268 

98 

265 

99 

263 

100 

260 

101 

257 

102 

254 

103 

251 

104 

248 

105 

244 

106 

241 

107 

238 

108 

234 

109 

231 

no 

227 

111 

224 

112 

220 

113 

218 

114 

216 

115 

214 

116 

213 

117 

211 

118 

209 

119 

207 

120 

205 

121 

203 

122 

201 

123 

199 

124 

196 

125 

194 

126 

192 

127 

189 

128 

186 

129 

184 

130 

181 

131 

178 

132 

176 

133 

173 

134 

170 

135 

167 
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ORlOlIMt l-ASE IS 

OF POOR QUALITY 


BRST CASli IKRAPI ATION POSAOR 


ROUIVAUvNT I* lAIENCB FOR lj;c 
KOUIVAUHNT FUJI'INCF FOR Vq^ AND * 
= 1 16.3SmA + , I OOmA/^C (T-30 'C) 

Vq(^ = 567.1 6inV - 2.l3inV/“e (T-30“C) 

•’max “ ('r- 30 °C) 

Vj^p's 476.S8mV - 1.87mV/“C (T-30'C) 


K76B+14 IMeve/ein^ 
1.88E+14 lMev e/cm“ 


WORST CASE iRRADlA'I lON DOSAGE AND l-V FARAMBTERS AFTER 4 YEARS 
EQUIVALENT FLUENCI- FOR isc “ 3.96E+14 lMcvc/a»2 

EQUIVALENT FLUENCE FOR Voc and l»MAX = 4.28EH4 IMeve/ciii^ 

Isc ~ i01.47iuA •»< ;i 14inA/°C (T-30°C) 

Voc - 54?.‘)2in V - 2.:0m V/"C Cr-30'’C) 

•’max “ 4 1 4.7iuW ^ . 147iiiW/"C (T-30°C) 

Vmp « 4()2.S0mV - 1 .84mV/°C (T-30'’C) 


AVAILAIHJ' SOLAR ARRAY I’OWI'R AITI:R4 YEARS 


BETA 

I'OWl'^R 

BETA 

I’OWI'R 

llE'rA 

I’OWER 

BETA 

I’OWER 

(DEO) 

tWATl’S) 

(DEO) 

(WA'I'TS) 

(DEG) 

(WA'ITS) 

(DEG) 

(WA'H'S) 

n 

144 

1 

147 

2 

150 

3 

153 

4 

156 

5 

159 

6 

161 

7 

164 

8 

167 

9 

169 

10 

172 

11 

174 

12 

17fi 

13 

179 

14 

181 

15 

183 

16 

185 

17 

187 

18 

189 

19 

191 

20 

193 

21 

195 

ii 

MW 

197 

23 

199 

24 

203 

25 

207 

26 

210 

27 

214 

28 

217 

29 

220 

30 

224 

31 

227 

32 

230 

33 

233 

34 

236 

35 

239 

36 

242 

37 

245 

38 

248 

39 

251 

40 

253 

41 

256 

42 

258 

43 

261 

44 

263 

45 

265 

46 

267 

47 

269 

48 

271 

49 

273 

50 

275 

51 

276 

52 

278 

53 

279 

54 

281 

.55 

282 

56 

283 

57 

284 

58 

285 

59 

286 

60 

287 

61 

288 

62 

289 

63 

289 

64 

290 

65 

290 

66 

291 

67 

291 

68 

291 

69 

291 

70 

291 

71 

291 

72 

291 

73 

290 

74 

290 

75 

289 

76 

289 

77 

288 

78 

288 

79 

287 

80 

286 

81 

285 

82 

284 

83 

282 

84 

281 

85 

280 

86 

278 

87 

277 

88 

275 

89 

273 

90 

272 

91 

270 

92 

268 

93 

266 

94 

263 

95 

261 

96 

259 

97 

256 

98 

254 

99 

251 

100 

249 

101 

246 

102 

243 

103 

240 

104 

237 

105 

234 

106 

231 

107 

228 

108 

224 

109 

221 

110 

218 

111 

214 

112 

211 

113 

208 

114 

207 

115 

205 

116 

204 

117 

202 

118 

200 

119 

198 

120 

197 

121 

195 

122 

193 

123 

190 

124 

188 

125 

186 

126 

184 

127 

181 

128 

179 

129 

176 

130 

174 

131 

171 

132 

169 

133 

166 

134 

163 

135 

160 
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ORIStNAl’ PAQE fS8 
OF POOR QUALITY 

BEST CASE IRRADIATION DOSAGE AND I-V PARAMETERS AFTER 5 YEARS 
EQUIVALENT FLUENCE FOR Igc = 2.19E+14 IMcv e/cm2 

EQUIVALENT FLUENCE FOR Vqg AND Pmax = 2.35E+14 iMev e/cm2 
IsC = 1 13.14mA + .105mA/’C (T-30°C) 

Vqc = S63.02mV - 2.15mV/“C (T-30°C) 

Pmax ^ 47.48mW - ,154mW/“C (T-30°C) 

Vmp = 473. 89m V - 1 ,87niV/°C (T-30°C) 


WORST CASE IRRADIATION DOSAGE AND I-V PARAMETERS AFTER 5 YEARS 
EQUIVALENT FLUENCE FOR Isc = 4.95E+14 IMev e/cm2 

EQUIVALENT FLUENCE FOR Vqc AND Pmax = S.35E+14 IMev e/cm2 
Isc = 97.71mA + ,1 15mA/°C (T-30°C) 

Vqc = 540.57m V -2.21 mV/°C (T-30°C) 

Pmax = 39,84mW - .145mW/°C (T-30°C) 

Vmp = 457.32mV - 1 .90mV/°C (T-30‘'C) 


AVAILABLE SOLAR ARRAY POWER AFTER 5 YEARS 


BETA 

POWER 

BETA 

POWER 

(DEG) 

(WATTS) 

(DEG) 

(WATTS) 
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139 

1 

142 

4 

150 

5 

153 

8 

160 

9 

t63 

12 

170 

13 

172 

16 

179 

17 

180 

20 

186 

21 

188 

24 

195 

25 

199 

28 

209 

29 

212 

32 

222 

33 

225 

36 

233 

37 

236 

40 

244 

41 

246 

44 

253 

45 

255 

48 

261 

49 

262 

52 

267 

53 

268 

56 

272 

57 

273 

60 

276 

61 

277 

64 

278 

65 

279 

68 

279 

69 

279 

72 

279 

73 

279 

76 

278 

77 

277 

80 

275 

81 

274 

84 

270 

85 

269 

88 

265 

89 

263 

92 

257 

93 

253 

96 

249 

97 

247 

100 

239 

101 

237 

104 

228 

105 

225 

108 

216 

109 

213 

112 

203 

113 

201 

116 

197 

117 

195 

120 

190 

121 

188 

124 

182 

125 

179 

128 

173 

129 

170 

132 

163 

133 

160 


BETA 

POWER 

BETA 

POWER 

(DEG) 

(WATTS) 

(DEG) 

(WATTS) 

2 

145 

3 

147 

6 

155 

7 

158 

10 

165 

11 

168 

14 

174 

15 

176 

18 

182 

19 

184 

22 

189 

23 

192 

26 

202 

27 

206 

30 

215 

31 

219 

34 

228 

35 

230 

38 

239 

39 

241 

42 

248 

43 

251 

46 

257 

47 

259 

50 

264 

51 

266 

54 

270 

55 

271 

58 

274 

59 

275 

62 

277 

63 

278 

66 

279 

67 

279 

70 

279 

71 

279 

74 

278 

75 

278 

78 

276 

79 

275 

82 

273 

83 

271 

86 

268 

87 

266 

90 

261 

91 

259 

94 

253 

95 

251 

98 

244 

99 

242 

102 

234 

103 

231 

106 

222 

107 

219 

110 

210 

111 

207 

114 

200 

115 

198 

118 

193 

119 

191 

122 

186 

123 

184 

126 

177 

127 

175 

130 

168 

131 

165 

134 

157 

135 

155 
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Or POOR QUALfTY 


BEST CASE IRRADIATION DOSAGE AND I V PARAMETERS AF IP^ YEARS 
EQUIVALENT FLUENCE FOR Isc = 2.63E+14 IMbv e/cm^ 

EQUIVALENT FLUENCE FOR Voc and Pmax = 2.82E+14 IMeve/cm^ 

Isc = 1 10.35mA + ,109mA/°C (T-30°C) 

Vqc= 559.08mV -2,17mV/“C (T-30“C) 

Pmax = 46.05mW - . 151mW/°C (T-30°C) 

Vmp = 47 1 .OimV - 1 ,88mV/“C (T-30°C) 

WORST CASE IRRADIATION DOSAGE AND I V PARAMETERS AFTER 6 YEARS 
EQUIVALENT FLUENCE FOR Igc = 5.94E+14 IMev e/cm^ 

EQUIVALENT FLUENCE FOR Vqc AND Pj^ax = 6-42E+14 IMev e/cm^ 
IgC = 94.55mA + .1 17mA/°C (T-30°C) 

Vqc " 533.8 ImV - 2.22mV/°C (T-30°C) 

Pmax = 38,3 ImW - . 143mW/®C (T-30°C) 

Vmp = 452.23mV - 1 .91mV/“C (T-30°C) 




AVAILABLE SOLAR ARRAY POWER AFTER 6 YEARS 


BETA 

POWER 

BETA 

POWER 

BETA 

power 

BETA 

POWER 

(DEG) 

(WATTS) 

(DEG) 

(WATTS) 

(DEG) 

(WATTS) 

(DEG) 

(WATTS) 

0 

135 

1 

137 

2 

140 

3 

143 

4 

145 

5 

148 

6 
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7 

153 

8 

155 

9 

158 

10 

160 

11 

162 

12 

164 

13 

167 

14 

169 

15 

171 

16 

173 

17 

175 

18 

177 

19 

178 

20 

180 

21 

182 

22 

183 

23 
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24 

189 

25 

192 

26 

196 

27 

199 

28 

202 

29 

205 

30 

208 

31 

211 

32 

214 

33 
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34 

220 

35 

223 

36 

225 

37 

228 

38 

230 

39 

233 

40 

235 

41 

238 

42 

240 

43 

242 

44 

244 

45 

246 

46 

248 

47 

250 

48 

251 

49 

253 

50 

255 

51 

256 

52 

258 

53 

259 

54 

260 

55 

261 

56 

262 

57 

263 

58 

264 

59 

265 

60 

266 

61 

267 

62 

267 

63 

268 

64 

268 

65 

268 

66 

269 

67 

269 

68 

269 

69 

269 

70 

269 

71 

269 

72 

269 

73 

269 

74 

268 

75 

268 

76 

267 

77 

267 

78 

266 

79 

266 

80 

265 

81 

264 

82 

263 

83 

262 

84 

261 

85 

259 

86 

258 

87 

257 

88 

255 

89 

254 

90 

252 

91 

250 

92 

249 

93 

247 

94 

245 

95 

243 

96 

241 

97 

238 

98 

236 

99 

234 

100 

231 

101 

229 

102 

226 

103 

223 

104 

221 

105 

218 
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215 

107 

212 

108 

209 

109 

206 

no 

203 

111 

200 
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197 

113 

194 

114 

193 

115 

192 

116 

190 

117 

189 

118 

187 

119 

185 

120 

184 

121 

182 

122 

180 

123 

178 

124 

176 

125 

174 

126 

172 

127 

170 

128 

167 

129 

165 

130 

163 

131 

160 

132 

158 

133 

155 

134 

153 

135 

ISO 
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ORIGINAL PAQS IS 
OF POOR QUALITY 


BEST CASE IRRADIATION DOSAGE AND I-V PARAMETERS AFTER 7 YEARS 
EQUIVALENT FLUENCE FOR Ijc = 3.07E+14 IMev e/cm2 

EQUIVALENT FLUENCE FOR Vqc AND P^aX = 3.30E+14 IMev e/cm^ 
Isc “ 107,90mA + .1 t3mA/“C (T-30®C) 

Voc= 555.3 lmV-2.19mV/‘’C(T-30°) 

PmaX = 44.82mW - .]49mW/°C (T-30°C) 

Vmp = 468,25mV - 1.88mV/“C (T-30®C) 

WORST CASE IRRADIATION DOSAGE AND I V PARAMETERS AFTER 7 YEARS 
EQUIVALENT FLUENCE FOR Isc = 6.93E+14 IMev e/cm2 

EQUIVALENT FLUENCE FOR Vqc AND Pmax = 7.49E+14 lMeve/cm2 
Isc = 9 1 .82m A + . 1 1 8m A/°C (T-30°C) 

Vqc = 527.54mV - 2,23mV/°C (T-30°C) 

Pmax = 37.01mW - .I41mW/°C (T-30°C) 

Vmp = 447.48mV - 1 .92mV/“C (T-30°C) 


AVAILABLE SOLAR ARRAY POWER AFTER 7 YEARS 


BETA 

POWER 

BETA 

POWER 

BETA 

POWER 

BETA 

POWER 

(DEG) 

(WATTS) 

(DEG) 

WATTS) 

(DEG) 

WATTS) 

(DEG) 

WATTS) 

0 

131 

1 

133 

2 

136 

3 

138 

4 

141 

5 

144 

6 

146 

7 

148 

8 

151 

9 
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10 

155 

11 

158 

12 

160 

13 

162 

14 

164 

15 

166 

16 

168 

17 

170 

18 

171 

19 

173 

20 

175 

21 

176 

22 

178 

23 

180 

24 

183 

25 

187 

26 

190 

27 

193 

28 

196 

29 

199 

30 

202 

31 

205 

32 

208 

33 

210 

34 

213 

35 

216 

36 

218 

37 

221 

38 

223 

39 

226 

40 

228 

41 

230 

42 

232 

43 

234 

44 
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45 

238 

46 

240 

47 

242 

48 

243 

49 

245 

50 

246 

51 

248 

52 

249 

53 

250 

54 

251 

55 

252 

56 

253 

57 

254 

58 

255 

59 

256 

60 

257 

61 

257 

62 

258 

63 

258 

64 

259 

65 

259 

66 

259 

67 

260 

68 

260 

69 

260 

70 

260 

71 

260 

72 

260 

73 

259 

74 

259 

75 

259 

76 

258 

77 

258 

78 

257 

79 

256 

80 

256 

81 

255 

82 

254 

83 

253 

84 

252 

85 

251 

86 

250 

87 

248 

88 

247 

89 

245 

90 

244 

91 

242 

92 

241 

93 

239 

94 

237 

95 

235 

96 

233 

97 

231 

98 

229 

99 

226 

100 

224 

101 

222 

102 

219 

103 

217 

104 

214 

105 

211 

106 

208 

107 

206 

108 

203 

109 

200 

110 

197 

111 

194 

112 

191 

113 

189 

114 

187 

115 

186 

116 

185 

117 

183 

118 

182 

119 

180 

120 

178 

121 

177 

122 

175 

123 

173 

124 

171 

125 

169 

126 

167 

127 

165 

128 

163 

129 

160 

130 

158 

131 

156 

132 

153 

133 

151 

134 

148 

135 

146 
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ORIGINAI. PflQp 

POOR 


BEST CASE IRRADIATION DOSAGE AND l-V PARAMETERS AFTER 8 YEARS 
EQUIVALENT FLUENCE FOR Isc “ 3.51E+I4 IMfive/cm^ 

EQUIVALENT FLUENCE FOR Vqq AND I’m ax = 3.77E+14 1 Mev c/cm^ 
Isc = 1 05,7 1mA + .1 14mA/°C (T-30°C) 

Vqc = 55 1 .70i.iV ^2.1 9mV/°C (T-30°C) 

I’m AX = 43.73mW - .l48inW/‘’C (T-30°C) 

VMP = 465.59mV - 1.89tnV/°C (T-^30°C) 


WORST CASE IRRADIATION DOSAGE AND l-V PARAMETERS AFTER 8 YEARS 
EQUIVALENT FLUENCE FOR = 7,92E-I-I4 IMeve/cm^ 

EQUIVALENT FLUENCE FOR V^OC and Pmax = 8.56E+I4 lMeve/cin2 
Isc ~ 89-43mA + .ll9mA/°C (T-30°C) 

Vqc = 52 1 .7 1 mV - 2.24mV/'’C (T-30'’C) 

Pmax = 35.87mW - .I40mW/ “C (T-30“C) 

V^,p = 443.03mV - 1.93mVfC (T-30°C) 


available SOLAR ARRAY POWER AFTER 8 YEARS 


BETA 

POWER 

BETA 

POWER 

(DEG) 

(WA'ITS) 

(DEG) 

(IVATTS) 

0 

127 

1 

130 

4 

137 

5 

140 

8 

147 

9 

149 

12 

155 

13 

157 

16 

163 

17 

165 

20 

170 

21 

172 

24 

178 

25 

182 

28 

191 

29 

193 

32 

202 

33 

204 

36 

212 

37 

214 

40 

221 

41 

223 

44 

229 

45 

231 

48 

236 

49 

237 

52 

241 

53 

242 

56 

245 

57 

246 

60 

248 

61 

249 

64 

250 

65 

250 

68 

251 

69 

251 

72 

251 

73 

251 

76 

250 

77 

249 

80 

247 

81 

247 

84 

244 

85 

243 

88 

239 

89 

238 

92 

233 

93 

231 

96 

226 

97 

224 

100 

217 

101 

215 

104 

208 

105 

205 

108 

197 

109 

194 

1 12 

185 

113 

183 

116 

179 

1 17 

178 

120 

173 

121 

172 

124 

166 

125 

165 

128 

158 

129 

156 

132 

149 

133 

147 


BETA 

POWER 

BETA 

POWER 

(DEG) 

(WATTS) 

(DEG) 

(WATTS) 

2 

132 

3 

135 

6 

142 

7 

144 

10 

151 

11 

153 

14 

159 

15 

161 

18 

167 

19 

168 

22 

173 

23 

175 

26 

185 

27 

188 

30 

196 

31 

199 

34 

207 

35 

210 

38 

217 

39 

219 

42 

225 

43 

227 

46 

232 

47 

234 

SO 

238 

51 

240 

54 

243 

55 

244 

58 

247 

59 

248 

62 

249 

63 

250 

66 

251 

67 

251 

70 

251 

71 

251 

74 

250 

75 

250 

78 

249 

79 

248 

82 

246 

83 

245 

86 

242 

87 

240 

90 

236 

91 

235 

94 

230 

95 

228 

98 

222 

99 

220 

102 

213 

103 

210 

106 

202 

107 

200 

no 

191 

111 

188 

114 

182 

115 

181 

118 

177 

119 

175 

122 

170 

123 

168 

126 

163 

127 

160 

130 

154 

131 

152 

134 

145 

135 

142 
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OF POOR QUAUV/ 




BEST CASE IRRADIATION DOSAGE AND I-V PARAMETERS AFTER 9 YEARS 





EQUIVALENT FLUENCE FOR Icr 


= 

3.95E+14 iMeve/cm^ 





EQUIVALENT FLUENCE FOR Wqq AND P^ax 

= 

4.24E+14 IMeve/cm^ 





Isc = 103,74mA + .114mA/°C (T-30°C) 








Voc= 548.24mV- 

2.20mV/^C (T-30°C) 








PMAX = 42.76mW- 

,147mW/“C (T-30'’C) 








VMP = 463,03mV- 

1 ,89mV/°C (T-30°C) 







WORST CASE IRRADIATION DOSAGE AND l-V PARAMETERS AFTER 9 YEARS 



t- 


EQUIVALENT FLUENCE FOR Icr 


= 

8.91E+14 lMeve/cm2 





EQUIVALENT FLUENCE FOR Vqc AND P^aX 

= 

9.63E+14 IMev e/cm^ 





Isc = 87.29mA + ,120mA/°C (T-30°C) 








Voc= 5l6.26mV- 

2.25mV/°C (T-30®C) 








PMAX = 34.86mW. 

-.138mW/°C(T~30°C) 








Vmp = 438.85mV - 

1.94mV/°C (T-30°C) 







AVAILABLE SOLAR ARRAY POWER AFTER 9 YEARS 







BETA 

POWER 

BETA 

POWER 


BETA 

POWER 

BETA 

POWER 

1' 

r 

(DEG) 

(WATTS) 

(DEG) 

(WATTS) 


(DEG) 

(WATTS) 

(DEG) 

(WATTS) 

f 

0 

124 

1 

127 


2 

129 

3 
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i 

j. 

4 

134 

5 

136 


6 

139 

7 

141 

, 1 

8 

143 

9 

145 


10 

148 

11 

150 

1 

12 
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13 
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14 
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15 
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p 

16 
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17 
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18 
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19 

164 


20 
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21 
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22 
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23 
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24 
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25 

177 


26 
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27 
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J* 
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29 
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31 
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33 
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34 
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35 
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36 
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37 
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38 

211 

39 
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40 
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41 

217 


42 

219 

43 

221 

i: 

44 
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45 
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46 
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47 
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48 
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49 

230 
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51 

232 
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52 
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53 
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54 
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55 
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j| 

56 
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57 
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58 
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59 
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if 

60 
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61 
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62 

241 

63 

242 

r| 

64 
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65 
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66 
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67 

243 


68 
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69 
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70 

243 

71 
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72 
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73 

242 


74 
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75 
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76 

241 

77 

241 
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79 
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80 
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81 

239 


82 
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83 
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84 
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85 

235 


86 
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89 
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91 
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il 
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93 
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if 
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125 
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134 
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i 
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ORfGf^jAL’ PACS ra» 

OF POOR QUALITY 


BEST CASE IRRADIATION DOSAGE AND I-V PARAMETERS AFTER 10 YEARS 
EQUIVALENT FLUENCE FOR Isc = 4.39E+14 IMev e/cm^ 

EQUIVALENT FLUENCE FOR \qc AND Pj^aX = 4.7 lE+14 IMev e/cm2 
Isc = 101 •94mA + .11 5mA/“C (T-30“C) 

Vqc = 544.9 1 mV - 2.20mV/'’C (T-30'’C) 

PmaX = 41 .87mW - .146mW/°C (T-30°C) 

Vmp = 460.56mV - 1 ,90m V/°C (T-30°C) 

WORST CASE IRRADIATION DOSAGE AND I-V PARAMETERS AFTER 10 YEARS 
EQUIVALENT FLUENCE FOR Isc = 9.90E+14 IMev e/cm2 

EQUIVALENT FLUENCE FOR Vqc AND P^ax = 1 ’O^E+l 5 IMev e/cm2 
Isc = 85.36mA + .122mA/“C (T-30°C) 

Vqc = 51 l.HmV - 2.26mV/°C (T-30°C) 

PmaX = 33.95mW - .137mW/“C (T-30“C) 

Vmp = 434.90mV - 1 .95mV/°C (T-30°C) 


AVAILABLE SOLAR ARRAY POWER AFTER 10 YEARS 


BETA 

POWER 

BETA 

POWER 

BETA 

POWER 

BETA 

POWER 

(DEG) 

(WATTS) 

(DEG) 

(WATTS) 

(DEG) 

(WATTS) 

(DEG) 

(WATTS) 

0 
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10 
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11 
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21 
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191 
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111 
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114 
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166 
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163 
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123 

160 
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